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Cydk MKicetldM 

Sir» Thanks for the infcMinaiive and 
ioterestiog article Cydk osdeotMca 
by Hariah D. Padh aad K.D. Dbari- 
wal (S.F. July, 1975). We would like 
to koow the role of catecholamines, 
if any, in the action ofcyclic^AMP. 

P. Mahamn 
J. Datwani 
Mochati Khatbk. Auronfabed 

[Mehoreiktra) 

Instead of looking ai the role of 
caiecholaminei in the action of cyclic 
AMP, it would be useful if role of 
eyclic-AMP in the action of cate* 
cbolamines is understood. 

Catecholamines and prostaglandins 
set by either increuing or by decrees* 
ing the level of cycUc*AMP and in 
[bis manner they differ from other 
bormones with regard to iheir effect 
m cyclic*AMP. Effects mediated by 
tn increase in the level of cyclic*AMP 
include several effects on carbohy¬ 
drate metabolism, lypolytic effect. 

POSSIBLE MODEL 



>9^ Bata raceptor 
C ^Catalytic unit 


KltxatioQ of smooth mtude, etc. 
Tbeae effects seem to be caused by 
stifflulatioo of adeoyl cyclase. 

Other effects, which may be due to 
inhibition of adeoyl cyclase and thus 
decrease in cydiC'AMP levds, art 
inhibition of insulin secretion by 
pancreatic beta cells, reduced penxke* 
aUlity to water and electrolytes in 
several epithelial tissues, stimulation 
of platelet aggregation and inhibition 
of melanophore dispenion in frog 
skin. 

A possible model with much 
experimental support can explain 
these diverse effects. There may be 
two types of hormone receptors, 
alpha and beta, conrtected separately 
to the two different regulatory 
units of adenyl cyclase. Tbe effect¬ 
ive interaction of catecholamines with 
alpba*receptor may lead to a decrease 
in tbe enzyme activity and their 
association with beta*receptor may 
lead to an increase in eniyme 
activity. 

Hakish D. Padh 
K.D. Dhamwal 
Department cf Btachemlstry 
VallMbhai Fate! Chest Institute 
Uniyersity of Delhi 
DelhUU0007 

To chew or not <0 chew 

Sir, To ebew or sot to ekew {S.ft. 
July, 1975) was interesting and in* 
formative. R.K. Trikha tried to 
give some historical facts and also 
how chewing guns are prepared. 
The question whether one should 
chew or not remains unanswered. 
He should say categorically wbeth^ 
it 11 good or bad. 

SoMBNWAjt PibtSAD 
G.M. Govt. Hr. See. School 
Shohdora, Delhi 

Gum chewing is not a wholesome 
habit. It can cause several ill effects. 
Besides, it does not provide aouriib- 
cnent to the chewer. 

R.K. Tbhcha 
Deptr. qf Chemistry 
Mans Jtq/ Co/Jr/e 
Delht Vnietrslty, Delhi 


ViNedty brUga 

Sir, This is regarding yteemt 
hrMge (S.R. May. 1974). Tbe appi 
cation of Wheatstone Bridge p f intip i 
in designing an instrument for vi 
cosity needs to be commended. Pteu 
let us know If suefa a unit functlor 
in any laboratory and if you can sen 
further details. 

We in tbe sugar industry encouota 
thick molasses and syrups of tb 
order of 500-1500 poise which ar 
non-Newtonian. You may ala 
advise suitaMe modifications if re 
quired lo the design of the apparatui 

V.V. SuBaAiiAi 
Chief Chemist {RAD 
Somoiya Sugar Work 
htjapur Distt. {KarnatakQ 

In (be article. I suggested a posaibli 
method to determine viscosity baset 
on the general principle of the Wheat 
Slone Bridge. I feel that the methoc 
can be applied to any specimen witl 
suitable choice of components t< 
cover different ranges of viscosity 
Built with ground glass joints, the 
capUlanes constituting the bridge car 
be suitably chosen to match with tbt 
specimen at any suitable ratio. Bui 
thick specimens of the type men* 
tiooed may offer such difli^Ues as 
are observed with a P.O. Box in tht 
determination of high resistances. 

A.O. Matuaj 
Physics Deptt 
hi.A. Coilegt 
Kothanumgalam {Kerala] 

U 

Sir, The viscosity of liquidi 
decreases, and that of gases In¬ 
creases with temperature. In text 
books some empirical relations aie 
given for tbe former with no theoreti¬ 
cal explanation. 1 shall be highly 
obliged if you kindly publish to 
article on ''Variation of viscoalty 
with temperature." 

A.K. CHAKRAVOftTY 
Deptt. of Pkyetei 
B.B. College, Asansoi 



Sir, Tlieirticle Smv tester? by 
lyotirmoy DtifupU {S.R. April. 
1^5) was intareitiiif and inform¬ 
ative. The author has presented the 
subject io a timpk aid lucid way 
such that even a layman can under- 
staod and at^weeiate it. 

B.P. KHAiE 

Prftfesscr^ Chemistry Dtptt. 

G&ft. Be/dfAor {M.P^ 

PlaM chart 

Sir, I was deeply disappointed that 
you did not give Plaoeti and their 
poiMoai in May and June 1975 issues. 
I could not put it up on our school 
iCaoipion School, 13. Cooperage 
Road. Bombay*39) notice board. 
Please do not omit that important 
piece in future. 

A.W. Mskkzu 
Bandra. Bombey 

Suggest ieoi 
1 

Sir, I read with profound 
interest. As a science student, I find 
t quite informative and interesting. 
Preteci lyatbaais io S.R. May, 1975 
ants very useful for B.Sc. and M.Sc. 
itudcnts. Due to non-availability of 
:lcir description and diagrams in 
woks, students found the article 
MTticulariy helpful for their univer¬ 
ity examination. 

I request you to publish an article 
m “Gene synthesis'*. 

D-P.S. “ftOTlA 

Metrut {(J.P.) 

II 

Sir, I read 5.A. regularly and with 
Queh interest. As a research scholar 
find this magaeioe of great help to 
DC. 

I would like you 4o publish an 
irtide on the modern concept of 
itooiic structure and recent discover- 
es. 

Artide on TV Broadcasting in 
WVCMBER I97S 


S.R. August^ 1975 was also of great 
bdp. 

Alok Anand 
New India Colony. Agra 

m 

I request you to publish articles on 
dental science and oral hygiene. 

Inou Bhushan Kau A cocluoues 
Of. R. Ahmed Dental Co/tege and 
Nospifal, CalcM/a 

Pttmckemkak 

Sir. Dr. Sukumar Maiti is entitled 
to his views 'On petrochemicals* 
{S.R. Sept., 1975, pages 401. 415) as 
apinsi those of people in trade and 
govcmmeni depanments, but I think 
there is little justificalion for his 
concluding remark. **This type of 
undesirable twisting of chemical fact 
or narrowness in classification of 
chemicals reflects the lack of proper 
pcnpective and may be found in 
bureaucractk systems which argue 
that caprdactum is a petrochemical 
but nyloii-4 is not, only to justify 
the difference in amouni of its to 
be levied on them*'. Perhaps he may 
not know that (he boot is on the 
other keg. To illustrate, when il is 
the question of obtaining depreciation 
on plant and machinery at 15% as 
apinst the pncral rate of 10%. 
manufacturers of synthetic fibres 
claim that they are manufacturing 
“artificial silk**, but when it comes to 
seeking some extra benefit as a 
priority mdus^, the same manufac¬ 
turers claim that they are enpged in 
the manufacture of''petrochemicals'*. 
It is stated at pap 147. Vol. 10. 
chapter on “Petroleum chemicals" 
in Encyclopedia of Ckenucal Techno* 
logy edited by Kirk and Othmer 
that “Petrochemicals have become 
vital raw materials for the rapidly 
growing synthetic fibre industry". 
It is also stated at pap 324 in The 
Wealth of India—Raw Materials. 
Vol. yjl. puWithed by the Council 
of Scientific and Industrial Researdi, 
New Ddbi (1966) under dse sub^thk 
'Petrochemicais* chat "^rochemt- 

5U 


cals are Ibe primary and intermcdlau 
compounds made from the basi< 
hydrocarbons derived from petro¬ 
leum or natural gas. These hydro¬ 
carbons have now become the larges i 
source of orpnic chemicals, The) 
have undisputed sway in rhe field ol 
aliphatic chemicals, chough deriva¬ 
tives of aromatics are made from 
both coallar and petroleum sources. 
The basic hydrocarbons are processed 
to produce a larp ranp of produce 
which include synthetic, textiles.etc." 
As stated by Dr, Mail! himself 
(,V.^. September. 1975), polymers are 
derived from "Pelrolejm inter¬ 
mediates" (not from petroleum or 
natural ps) and he further admits 
that there are “apparent anomalies 
between ordinary chemical com¬ 
pounds and polymeric materials." 

Dr. Maiti says “polymers should 
be considered as chemical compounds 
or a special class of compounds" 
just as Shri P.N. Maitra in his letter 
(5.A August, 1975) argued ‘The 
term petrochemicals should cover 
not only basic orpnic chemicals but 
also synthetic fibres, plastic, elasto¬ 
mers and other end products based 
on petrochem ical feed sloe k, “ Wha t 
I want to point out is that “what 
should be" is quite different from 
“what il is“ and that people in trade 
and governmeni departments are 
more interested in “what it i$“. The 
difference between the (wo may be 
illustrated by one simple example. 
NyloQ-6 in filament form is woven 
in fabrics, after which it is used 
in the form of prments. If Nylon-6 
in filament form is considered a 
petrochemical on a par with capro¬ 
lactam (from vdikh It is derived 
after undergoing an elaborate process 
of polymerisaiJcn during which therd 
are physical and chemical changes), 

why it must not be treated as a 

petrochemical in its subsequent form 
of fabrics as well (when there occurs 
no chanp in its chemical composi¬ 
tion)? But is ibere any one who 

{Coniimsed on page SIB) 
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T feCHNOLOOlCAL advances in 
our era are largely dependent on 
the properties of available materials. 
Newer metallic and nonmeiallicmaie. 
rials are being developed cominuously 
10 meet the difficult re<|uiremcnls. 
Vehicles and their components made 
of such materials are required to be 
stable under various adverse con> 
ditions. They need materials which 
can withstand very high lempcraiures 
and pressure*;, wide temperature 
fluctuations, nonuniform disiribuiion 
of temperature and pressure over the 
body. The materials of construction 
must also be suited to fabrication 


processes such as rolling and joining 
processes such as welding. The pre¬ 
sence of a crew in manned vehicles 
complicates matters further, si nee the 
vehicles must contain a life sustain¬ 
ing environment over extended 
periods. Oxygen in the vehicle must 
not leak or be consumed by the 


A supervoaic aircrafi 
Consider, for example* a Mach* 
supersonic ajrcraD schemat/calJ 
shown in Fig. I. The outer surfaces ( 
such a fast moving aircraft are cor 
siderably healed up because of the a 
friction. Friction can be minimize 
to some extent by belter design but 
cannot be eliminated The diagrai 


materials. 


For progress in spaceships, missiles, rockets or supmonic air 
craft, suitabk eagiiMcriog materiab are required for ccmstnic 
tlon. A spedal type of material is also required for divliq 
vehicles for exploratioii of deep seas 


Dr. Kay h c*. (he fecuKy of Depit. oT MeU»uH|icat Enn. I.I.T.. Kaopw. 





idicHles iomt typical skin tempera* 
ires for such high speeds. The 
ighesi temperatures are found near 
\t exhausts from where hot jets are 
ecled. The uneven temperature 
istiibution on the fuselage leads to 
^nsiderable thermal stresses which 
I (urn would lead to weakening of 
rength. Rise in temperature also 
ihances oxidation of materials by 
le air environment This happens 
missiles and rocked. 

apacesUp 

Material problems assume great 
agnitude in space ventures such 
1 the Apollo spacecraft (Fig. 2). 
he spacecraft has three main 
cdoDs. During ejection into 
)ace, the problems are similar 
> those discussed earlier However, 
le most severe challenge is en- 
)untered during re-entry into the 
mosphere. The service module 
hich contains the propellant tanks, 
ectrical generating equipment, 
nailer rocket engines for midcourse 
lanoeuvres and reiroflre, esc., is 
ttisoned before tbe command 
odule enters the atmosphere. It 
. therefore, not protected with 
>lative matenals and to bums up in 
le earth's atmosphere during re- 
itry. The command module, which 


carries ihe crew in a double shell 
pressure vesseJ must, honvcvcr. be 
protected during re*entry for obvious 
reasons. The nose cap of this module 
has to withstand temperatures as 
high as 2000 "C. Combination of 
ceramic maleriaK and refractory 
metals may give adequate protection 
10 the nose cap and other forward 
areas The rest of (he vehicle, which 
supports these very high temperature 


materials and takes the aerodynamic 
and thermal stresses, is made of 
supermfloys (mostly nkkel-based 
alloys) to withstand expected tempe¬ 
ratures of 600 * 0-1200 •€. 


TbermaJ Mrcmce 

Consider a high speed aircraft. 
The total skin area of the plane may 
be as large as 2000 sq. m. The plane 
may lake olT from a tropical region 


at 45 and reaches, in minutes, 
an ahitude of 20,000 m where it 
is as cold as -60 *C. Near oceans the 
surface may be sprayed with salt. 


These as well as the motions of the 


plane generate variovs stresses over 
the body. In general, thermal stresses 
are lower whm heat conductivity is 
higher. All kinds of stresses can be 
minimiaed by usinga better structural 
design. 

Creep mi Mgne 
The material may'creep*. i.e..fail 


slowly even at low siraaes If 
the stress period is extended. Also, 
repeated cyclic loading often cause 
material failure due to the pheno¬ 
menon of 'fatigue*. Such dangers 
exist for all aerospace vehicles. 

Mateebl baaae 

Gross evaporation of material is 
no problem for short duration flights, 
except for zinc and cadmium which 
have low boiling poinis. Such metals 
^hould be avoided. For permanent 
space vtaiiuns and prolonged flights 
the question of evaporation may be¬ 
come serious. In spaceships filled with 
oxygen there may he oxidation of the 
interior. Thus titanium which is very 
reactive K avoided and aluminium 
and magnesium alloys preferred. 
Stainless steel ix even better. Various 
radiilions in space, fortunately, 
hardly affect the structural metals. 

Meteoroid protection 

The prolection of spacecrafts from 
meteoroids is primarily a design 
problem depending only on maleriais 
selection. Light structural alloys arc 
better meteoroid shields than denser 
metals. On an equal weight basis, 
a sheet of light metal suffers less 
relative penetration than a sheet of 
heavy metal. Also, all shields must 
be ductile. 

Connected closely with this ques¬ 
tion is that of spalling, which means 
ejection of particles at high velocity 
from the Imck surface of a plate 
struck by a meteoroid. This pheno¬ 
menon depends on propagatioo of 
shock waves through the shield. 
Spalling is ofkn eliminated by using 
laminated structures. 

Heat trtttfer 

The question of transfer of heat 
from one part of the body to another 
and from the body to the environ¬ 
ment is of great importance in aero¬ 
space. The former is essential fot 
proper energy balance. 

Consider, for example, generation 
of heat in a vehicle in space. An 
dectronic equipment or some physi- 
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val Hctivity of the abirotwut car ht 
the sourc'e. The outer j^urfact of the 
vchMc gainik heal through iniefnal 
sources as well as through solar 
radiation. All heat gamed must be 
dissipated into space to maintain a 
steady s ki n te m pe rat u re. To con trol 
absorption and dissipation of heal, 
special surface cojilings are employed. 
No single coaling can offer accurate 
control of the ratio of absorption 
and dissipation. 'Mosaics* of two or 
three su(facecoalings maybe needed. 

Alloys 

We will mainly consider meiatlic 
materials which go to make the bulk 
of the vehicles. The categories are: 
aluminium and magnesium alloys, 
titanium alloys, steel alloys and 
(uper alloys. 

Alloys based on aluminium and 
mugncsium are particularly attractive 
because of their lightness. However, 
their strength falls rapidly at elevated 
temperatures. Alummium«beryllium 
alloys are also noted for lightness 
and strength at low temperatures. 
In addition to lightness, these alloys 
may be additionally attractive because 
of their low cost and formability. 
Other light alloys based on titanium 
(containing small amounts of alU' 
minium and vanadium among other 
metals) are stronger. They also retain 
strength uplo a higher temperature, 
450 X. 

Improved strength, fatigue and 
creep resistance, corrosion resistance, 
etc., are obtained in steels by using 
various proportioos of alloying ele- 
ments such as nickel, chromium, 
manganese, etc. Super alloys are 
nickel, cobalt and iron base alloys 
which at first glance might not 
appear attractive. They are expensive 
and difficult to form. However, (hey 
withstand high temperatures better. 

Iron base super alloys contain 
large amounts of nickel and cobalt, 
say 20 or more per cent of each, with 
small amounts of other metals (Ti» 
Mo, Al, Si, Mn, etc.). Nickel bue 
super alloys often contain 5 per 
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cen(*l5 per cent each of Cr. Mo, 
Co. Ti and Al. Small amounts of 8. 
Cd. Fe. Zr, W. etc., may also be 
present. Cobalt base super alloys 
contain 10 per cent or more of 
Ni. Cr and W with small amounts 
of Mo, Fe, etc. All individual 
alloying elements play special role In 
imparting desirable properties. 

One of the mosi important propert¬ 
ies for comparison of structural 
materials is the strcng(h-to-weight 
ratio. For the same cross sectional 
thickness a material with a higher 
ratio would have higher strength. Or» 
in other words, for equal weight, the 
component would be stronger. The 
light structural alloys are attractive 
from this point of view. At room 
temperature, aluminium-magnesium 
alloys can have a maximum value, 
about twice that of stainless steels 
and super alloys. Titanium alloys and 
beryllium-aluminium alloys are even 

better. The lighter alloys have a dis¬ 
tinct advantage at low temperatures. 
Many composites, e.g., glass filament 
reinforced resins or steel filament 
wound ceramics are even better. 
Fig* 3 shows that many conventional 
Hoys based on Be, Al, Mg or Ti have 

iu 


a high strenglh/weight ratio ai lo> 
temperatures only. The advantagt 
lost at higher temperatures wh 
only the heavy alloys retain streng 
The differences which apparer 
seem marginal assume critical imp 
tance in aerospace applications. 
Rating procedure 
To rate an alloy, the characterisl 
are divided into three categories. 1 
first category embodies these requi 
ments which must be met if a matei 
is to be considered at all. The pa 
meters are availability, formabi 
and producibility. 


In the second category, one inclui 
those parameters which must be r 



"Trur, your new material itmul \ 
rlgmtn of inttnte heat and cold, m tf, 
and air, but what we need is a mater 
that can stand the rigours of our rood 
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before malerial becomes accepuble. 
rhey are weldability and corrosion 
esistancc in the expected environ* 
dents. In certain cases, brazing 
ifocess of joining two pieces of 
netal by fusing a layer of brass 
between the two surfaces is also 
mportant. 

Tbe third category of rating charac- 
eristics includes a list of important 
parameters which can be denoted 


quanijiatively and are interchange¬ 
able to some extent. They are Uie 
minimum values of tensile and 
compressive strength over a range 
(say from room temperature to 
3S0*C). fatigue and creep resistance, 
weld strength, thermal stress charac> 
teristics, stiffness, material toughness, 
structural stability, cost, etc. These 
properties are measured using stan¬ 
dardized tests. 
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Matcriak for bceaaspaee veUdea 

In recent years scientific, militar, 
and economic necessities have led t( 
tremendous activities in exploratioi 
of the seas. Many sea-floors are nov 
known to have deposits of man 
ganese nodules and other valuabl 
metal and mineral deposits. The 
can be retrieved only by going t< 
the deep areas. 

The two main problems that ai 
underwater vehicle faces are: ih 
hydrostatic pressure and sinking am 
floating. Resistance to pressure ma; 
be enhanced by means of stronge 
and heavier hulls. However, thi 
may impair floaubilily. Ideally, {h 
vehicle must be in a delicate hydro 
sutic balance. Along with strengll 
of hull and hydrostatic balance oni 
must also ensure adequate spac 
inside the hull for life support am 
machinery. These problems are al 
interrelated. 

Consider a spherical vehicle a 
shown in Fig. 4. If the vehicle b 
in a perfect hydrosutic balance 
then 

It is obvious that for a given valui 
of vehicle size Rand machinery we igli 
r is larger (i.e.. usable space insid 
is greater) for denser materials 
Within limits, the thickness of an: 
material used for hulls may be in 
creased to attain greater depths 
However, this will be achieved at tb 
cost of decrease in either If* ore. Thi 
increases hull fraction which is define 
as the*per cent buoyancy used up b 
the hull weight. Most of the vehicle 
are designed for a hull fraction o 
60 per cent-70per cent. The only wa; 
to obtain greater depths while main 
laming or lessening the bull fractioi 
is to increase the strength-to-densit; 
ratio of the bull material. This rati( 
effects the critical vehicle character 
iatics—depth, size, speed, range, pay 
load, etc. Therefore, selection of th 
hull material comes first. 

It should be remembered that undei 
water localized concentration c 
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bydroctAtic streis can to nuttriA] 
f^ure rather abruplfy. Materials 
sensitive to fractures and cracks will 
be more prone to such failures. 
Non^yidding glasses and ceramics 
may be attractive because of their 
high strength-to-density ratio but 
because of their brittleness they cao 
only be used If tensile bending stresses 
are entirely absent from vessels. 
Fiber reinforced plastics are similarly 
sen^^itive to sheer stresses. There is oo 
substitute for alloys for exterior 
applicHtions. The choice again lies 
between steels and titanium and 
aluminium alloys. The former are 
more attractive in design and fabrica¬ 
tion and the latter from the point 
of view of lightness. Lighter alloys 
arc to be chosen only if deeper 
depths are to he reached and steel 
alloys are likely to make vehicle too 
heavy for easy manoeuvres. A 
hypothetical oceanspace vehide is 
shown in Fig. 5. The simplest look¬ 
ing vehicle would* of course, be a 
spherical manned pressure capsule— 
the most efficient form for resisting 
pres,sure^. For ease of movement, 
however, un elongated, cigar shaped 
body is preferable. 

Cunclusioas 

U becomes obvious that deep 
d iving is as complicated as high speed, 
high altitude flying or orbital opera¬ 
tions. Attaining depth or altitude is 
only a part of the problem—lime on 
station* speed, range and payload are 
equally important. 

A large number of factors need to 
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be considered before a constructional 
material Is selected. Reexamination 
of existing materials and techniques 
may lead to possible expansion of 
their use to new areas. If existing 
materials and techniques prove 
inadequate, new discoveries ne^ be 
made in materials science and 
technology. All such developments 
are, however, planned only after an 
analysis of the properties which the 
material is required to possess. 
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LETTERS iConmuedfrom page 513) 


is prepared to classify nylon fabrics/ 
garments as petroch^icals? 

Dr. S. M&iti seems to have 
diverted from a scientific discussion 
and run down the "'bureaucratic 
systems'*. In defining a technical 
word meolioned in a staiute, only 


the correct meaning holds good, 
however unpleasant it may be. The 
point that i have been trying to make 
is that synthetic polymers like resins, 
elastomers, fibres, plutka. etc., 
rightly belong to a special dass of 
materials which are distinct from 


that of **petrochemicab* * from ii 
tedinical as well as common poi( 
of view. 

Dr. V.S. Ramanatha 
Cftigf Ckemisi, Central Revtnui 
Control Laboratory, Hillside Roc 
LA.R.l.R.ONtwOelHl-i 
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Bookaa algehrt provMca rales of eoMUntioo opmtioii ^ 
biBAry firiabks, «Bd for ntry conWootioo operotioo there 
IS a cocTe^ootog electrical gate to im^InDeBl the mmt aid 
give the ootpot ia the digital form. A compqter is csscvdally 
a system which loechaiiizes Booleaa algebraic opcntioK 


ON COMPUTER 
DESIGN 


R RAMASWAMY 


T he bask philosophy behirMl all 
digllal computing systems is 
Ibat by using only the two digits 
1 and 0. the binary codes, logical 
situations involving irue and 
false, and ariihmeiicaJ situations 
involving addition, subtraction, 
multi plication and division can be 
handled and implemented b> electri- 
cal switching circuits which have 
only two stable stales, either on or 
ofT. Boolean algebra provides Ihe 
rules of combination of the binary 
variables, and for every combina¬ 
tion operation there Is a correspond¬ 
ing electrkal gale to implement the 
sanw and give the output in the 
digital form. A computer is thus 
essentially a system which mecha¬ 
nizes Boolean algebraic operadons, 
using the binary digits or the binary 
bits I and 0. 

PrradpieioC Beeleaa rigebrt 

Boolean algebra starts with the 
simple logical assumption that if t 
thing is true it cannot be fabe arsd if 
a thing is false it canot be true. 
The true state corresponds to the 
binary code I and the false stale 


corresponds to the binary code 0. 
In mathematical bnguage we can 
state the assumplioa known as (he 
principle of duality as 

4 - I. if 4 is not equal to 0 
and A -^0. if A is not equal to t. 
The deceptively simple principle as 
stated above is Ihe basis of all Boolean 
t^wrations, 

CarabaMriaa rules fas B ad ra a opera- 
tloas 

There are three types of combina¬ 
tions in Boolean algebra like the four 
types of combinations, +. - .x and 
in (he conventional algebra. 
These are the AND. OB and NOT 
operations. The AND opermlion is 
r^resenled by a x or a dot, or some¬ 
times without any symb^ in between. 
This operation is analogou» to the 
multiplication operation in ordinary 
algebra. The rates of AND opera¬ 
tion are: 

4X0««0 
AX\»^A 
aad AxA^A 

where A is the binary variable which 
can (ike any one of the values, t 


andO Sub^litutinglhe valucsof 1 an 
0 in succession for Ihe variable A 
we get the rules of Ihe so called binar 
multi plication or logical produc 
If 4 and B are the input binary varii 
Nes and C is Ihe output of the AN! 
operation. Ihe resull is represented i 
I he truth table as given below: 

Tnah taUe for the AND eperadtf 


A 8 C 

0 0 0 

I 0 0 

0 1 0 

r I 1 


In logic we say that the staiemen 
'T am mad and you art otad** is tni 
only if both the propositions cor 
nected by AND are true. If any or 
or both the propositions are false, tt 
entifc AND combination is fals 
This IS reflected in the AND (rul 
taWe. 

The Oft operation usually repr 
sented by the + sign is analogous < 
the addition operation in the convei 
tional algebra with the followh 
rules: 
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Fig. I 


AA^A^A 

ut»litutins Ihe v«lu« of J tnd 0 
) iuccesbion for ihe vsriftMe A, we 
ei the rule} of the binary addition or 
>pi<..U sum. If A and 8 are the input 


bmaiy vanabtea aod C « fbe ouqMt 
of the OR operation, the tetoJi is 
represented by the truth tabk as 
given below. 

Tratt taWe for Che OR eprrartea 

* A B C ^ 



I 0 I 


0 1 I 

I ( I 

i 

i i i t 

In k>gic we say that ihe statement. 
''Either you arc mad or I am mad** is 
tnieirany one is mad or both are mad 
The OR combiruilkm is true if any 
one of the etimhinini propositions is 
true Of both are true. This is reflected 
in Ihe OR iruih table. 

The NOT operation is simply the 
staiemenl of the logical principle, 
that if a thing is I it is not zero and 
vice versa. This postulate introduces 
the concept of inversion or comple- 
menuiion or negation and is indi* 
cated by putting a bar ovct the binary 
variable or the code. The rules of the 
NOT operation are: 

\m0 

tnd 0*f 

This means that I and 0 are opposite 
states and that they become equal if 
cither one of them i$ inverted. NOT 
is a uniary operator siace it operates 
only 00 one variable. A is read 
as **NOT A" 

Baoteaa fosctfoai 

T*he equations coooecting the 
Boolean variables can be called 
Etoolean functions. For example. 

AB and C^^A^B ttt Boolean fuoC' 
lions, where A, B and C are Boofean 
variables wbidi can take any one of 
the two values I and 0. Truth tables 
can always be formed for every 
Boolean function b> substituting the 
values of t and 0 in succession to the 
different independent variables. 

Pbyiiral ImpIcBistattoa of bgical 
aperatiM la dcccrieal eMts 
An electrical circuit consisu of 
one or more switches which can 


exist m '*on*' or '*ciff** states aloi 
wkh the usual active and passri 
componeou. The switches can be s 
arranged that their conditions **on 
or **ofr'* produce a desired oulpu 
For eumpk. consider a lighiin 
ciimil with two switches A and 
as shown in the Fig. 1(a). When Ih 
switches A and B are in the unat 
mated stale (say I slate), there is n 
light output and we say L is i 
zero stale. L cun be brought to 
Slate only when both A and B at 
actuated, i.e.. hoih A and 8 ar 
brought to I stale. The above swiu'li 
ing circuit implements the Boolea 
operation. L'-A AND B or th 
Botdean function L'-^AB The ligh 
L displays the result of the Boolea: 
function L"^AB. In a similar waj 
switching circuits for dilTerenl Boc 
lean functions can he designo 
and implemented Fig Kb). I(( 
and 1(d) represent Ihe swiichin 
circuits of the Boolean function) 
L^-AA^B. L'-AA-BC and 
ABC respectively For (he uke c 
simplicity we have shown manui 
switches to implement Boolean func 
dons, but in actual computers thi 
switching operations are done auto 
maiically according to the input ani 
the output in any desired fwm. 1i 
the eumple given above the oulpu 
Is given by the on or off stales of thi 
light. In actual computers the outpu 
may be io the form of punched card 
or magnetic tapes or printei 
forms. 

Rales of Boolean algebri 
ii Is often necessary to tran&fora 
Boolean functions into differen 
forms for practical implementation 
So it is necessary to know tbe nUei 
of Boolean algebra. Some of thi 
rules of Boolean algebra are ^he sanu 
as of conventional algebra. Ftn 
instance, the commutative law. thi 
associative law and the dislributivi 
law are tbe same in both. 
Commutative Law: 

F+e+R-R+e+f 
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AMockrive Law: 

(F+0+J^*“^+(e+«) 

PQRMPQ)^^^<Q^) 

Dtettanive Law: 

i*(G+«-^C+^^ 

PcK iiwftijrfkasioo, there i$ a tpeeial 
diAribotive kw in Boolean algebra. 
Whea a kra is KbM to a product, 

the law fequiras the added term to be 

with or distributed to each 
tymbed of the product Thus, wheo F 
h added to QR. H becomes squiva* 


lent to! 

CJ«+^“(e+^X>^+') 

idempoleot Law; 

FS^F: F^F^F 
This law is not available in coevea- 
tional algebra. 

De Motgai's tlmrcei 
An important theorem which is 
very useful in simplifying and rear- 
ranging the terms a Boolean func¬ 
tion if the De Morpn's theorem. 
This theorem allows sums to be 
changed to products and products to 
sums, as ftrilowi : 

F-i-^FQ 

Staled in words, we say that the 
inversion of a functioo of several 
terms is obtained by inverting the 
individual variables and changing the 
AND*i to DR's and OR*s to AND*s. 
For esampk, 

F^{QjH{S+TC).y9F 
is inverted by applying De Morpni* 
theorem as follows : 

?-(e f A)CS(r+f/))+(K+H') 
All these laws can be easily verified 
by substituting tbe values of I and 0 
for the different variables. 

Dsriv^ the Boolean fBcHMS fcM 
tbe Mb table 

The logkai relationship between 
(he input and the output can be 
desenM by a truth table, a 
ubie of combination in which the 
output condition is listed for all 
possible combinations of input van* 
aMes. Two binary variables have 2* 
»4 possible combinations, 3 binary 
variables have 2*»*8 possible cornU' 
nations, and so on. If some combioa- 
(ions are not permitted, they are 
omitted (tom tbe truth Ubie rtdoC' 
ing tbe number ofrowt accordingly. 
By Intptcuon of tbe values in the 
ubIe, tbe designer synthesizes an 
equation by combining tbe symbols 
Ai required by the particuUr function. 
Nest attempt is made to simplify tbe 
eipceseion by employini tbe raka of 
algebraic reduction so as to imple* 


meot the function making the least 
demiod on the costly hardware and 
the precious computer time. For 
eum^. Table 1, gives four condi¬ 
tions for wbkb ' f * is true and four 
other conditions for 'f are false. 

TMl 

A B C f 

0 0 11 

0 10 1 

0 111 

I 10 1 

0 0 0 0 

1 0 0 0 

1 0 10 

I 110 

Tbe Boolean function can be 
derived from the Table 1. 

The condition *A false, B false and 
C true* is recognizable as a product. 
This statement implies that A is true, 
8 is true and C is true and so the first 
GOiKlilioo for truth is ABC. The other 
terms are similar products. The 
complete description of the conditions 
of truth is, therefore, a sum of four 
products given by: 

/ ^ABC+ABC-hABC-^ABC 
The above equation proves to be true 
for the sets of values given in the first 
four rows and false for the sets of 
values given in the last four rows of 
Table I. When a function is written 
from a truth table* it can assume 
any of the two forms, namely, tbe 



'*7be computer that you got fixec 
amcealed from the workers' rkws hoi 
given out its weekly report, ft say, 
er, that you erne late three days, 
talked to your wi/e on official tele 
phone d days compared yom 
lottery reguhs 4 days, or.,'* 
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comet obsoletcefit, ic it stored I 

. . . and now microcomputers lempomy memory. Tlie ca 

* cuUtiooi, ioficti opentioiu to 

ICROCOMPUTERS have airi- meat ooea whkb made their i^pear* data-manipulatioos tie all done b 
vedl Tbeae machioee can now aoce in late 1974 are bipolar type the ^ocetior. whote aetioni ai 
be aviilat^ in the liae of a ci|ar box. (currenU in transiAon are carried by syndironued by the electronic dod 
A tingle “chip'* in it, which ii lets both electrons aod **hokt"). The This proceti is nothing new to thos 
than s quarter of an inch on an latter ones are not only more power* who know about eomputert. Tb 
edge, can incorporate well over ful but also require less power aod pnaent price ot iatellec*8 is I3,54( 
20,000 compooeois. ft requires create no extraneous noise. However, it it estimated that the da 

power less than a few hundred The “brain*' of a nucroconpuier is not far off when a microcompute 
milliwatts. Moreover, it is cheaper U microprocetsor. In conjunction will not cost more than $50. 
than the contemporary computers, with three other devices (sec figure); Microcomputers, because of thei 
yet as fast and powerful. control memory, temporary memory 'mkro* sire, lower cost and pbwei 

The advent of microcomputers is and clock, it forms the computer, would be pul to use in various field 
not a coincidence, ft was a caicu* For initaoce, when a proUra is other than researdi. Some likely use 
lated reality. In view of the rapid mkroprogrtmmed. i.e., in its special are ic traffic-light controllers, ban! 
advances made in microelecironics in laoguague the program is ma^. it lensinals, telephone systems, busi 
ibe Iasi decade, its arrival wu merely is fed into the computer. First it ness machines, medical diagnostic in 
a question of time. When micro- goes to processor. If some data strumenU, educational progranune 
electronics was bom in I9fi0*s. dec* have to be used throughout the etc. It is envisaged that by 1980* 
tronic industry began the work of problem, they are stored in the it will be in use in household also— 
integration of microscopic compo* memory for use when needed. In monitoring electronic gadgets, secu 
nents. Component's density in a case, a datum is required only for a rity devices and even toys I 
chip gradually increased and progress step or so where afterwards it be* D.M.S 

was made in circuit organisation, 
uliich all led to complex circuitry in 
computers but reduced their aues 
and prices. It gave birth first to 
minicomputers, and now more com* 
pact and powerful miaocomputen— 
claimed as the ultimate devices. 

The early microcomputers (ScitMific 
American, May, 75) appeared in 1971; 
they were made of F-channel type 
(transistors operated by positive 
current carrien “holes") while the 

minterm and the maxterm. If the sumsoftermsfor which*/* is false are MialcDintioo of logical foKtloos 
function is expressed as a product of taken, since De Morgan's theorem A logical function translated fron 
sums, it is called the maxterm and If tells that the sum is true (with each a truth table is said to be in thi 
the function is expressed as a sum of proposition primed) when the product canonical form and a circuit bail' 
products, it is called minterm. A pro* is false. The maxterm form obtained according to the canonical form ofthi 
duct is true only for one of all the po»- from the Truth Table 1 ts given by Boolean function may use more parti 
sible combinations. Thus a product /^{a +R+cX^ +CX/<+ff+C) ihan necessary for effecting a certain 
is more restrictive, with the minimum computation. So it becomes neces* 

number of true combinations of any The above equation can be verified sary to simplify the function tc 
type of form. A sum is least restrictive to give the correct value of /* for all provide an economic hardware solo- 

because it is true for all except one the 8 sets of values of A, ff and C titm. Certain procedures are prut* 

combination, the maximum number given In Table I. Any d" the two cribed for reducing the switcbio| 
obtained with any form. When the forms can be selected for practkal equations to some minimal form (in 

function is to be expressed in the implementatios depending on their the lease that there is no unique 

maxterm form, the producu of the relative advintageg. minimum). For example, the function 
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(ven in the law euioide cad be 
inplified as foSUrwt : 

f^AO.S+BH8CiA -^A) 
mAC-^-BC 

rhm foot terms eontaioini three 
tactors aie reduced to two terms of 
only two factoii. This form is celled 
I minitnaJ form because h coAtaioi 
the fewest terms and factors. In this 
case there is no symbol conunoo 
to both terms. So, it is clear that no 
further reduction it pwible. 

Them are three main criteria which 
may be used to determioe a minimal 
sum of products (or products of 
sums) expressions. 

1. The expression must have the 
fewest Uierals. A litefsl is defined 
u either a complemented or an un¬ 
complemented binary varlaWe, 

2. The expression must have the 
fewest terms, and 

3. The expression must demand 
the least number of logical blocks or 
units in its circuit impfementation. 

The last criterion is the one which is 
important in practice, since it affects 
(he economics of the project This 
means that the characteristics of the 
logic modules such as type of logic 
function, number of inputs, speed of 
operation, etc., must^^be Uken into 
account and used hs constraints upon 
the design proedSure^ For example, 
consider the minir^ iwiiching equa¬ 
tion: 

Z*m'ABCnE \ A8CD'¥‘4BCt) 

\-AiSCDE 
Direct implementation would require 
5 input AND gates and 1 input OR 
gates with an overall total of five 
basic tnodules. But suppose the logic 
modules to be used are ^ input AND 
3 input OR gales, the equations have 
to be factorized as 

Z^'AC{BDE’^B0)^AD{BC 

+ fc£) 

This function uses a total of nine basic 
modules and involves many more 
inier<onneclions. ftecause of more 
stages, switch log ddays through the 
circuit (propagation ddays) will be 
greater, which will adversely affect the 


spM of ^Kfalasft. Thus, the reduc* 
tion of switching equation to a form 
containing the least number of litmb 
and terms is not the couif^ete answer 
to logical dreuit design and the 
equation s to be manipulated further 
to realize an optimum design lo 
terms of actual hardwaie. 

GrafMcal method af ■Wmlaatkaa of 
l of k ai taelloas 

Apart from the algebraic methods 
of reduction of logical functions, 
graphical methods using Venn dia¬ 
grams and Karnaugh maps have been 
found useful in several cases. The 
pietorial appeal is also more efleciive. 

yem Atagettm. We know that every 
logical situation can be described by 
either true or false or In the binery 
codes by I or 0. Such a situation can 
be pictorially reprcsenicd by marking 
an area within a circle to represent a 
quantity A and the remaining area 
wHhin a bigger square to represent A 
as shown in the Fig. 2(a). The total 
of A and A is taken to represent I. 
ABndA represent logically compati¬ 
ble quantities. For example, if I re¬ 
presents people. A can represent men 
and A can represent women. {A 
nr A cannot be donkeys). Venn ilia- 
gram for one varieble is shown in 
Fig. 2fak Fig. 2(b) repmenfs the 
Venn diagram for two variables 4 
and 5. The two circles a and ^divHle 
the area within the square into f<*ur 
parts. The areaH. 2, 3 and 4 cun he 
identified as AB. AH. AB uihI 4B 
respectively. Fig. 2(c) represents Ihc 
Venn diagram for three variahice 
A, B and C. The circles a. h aiul c 
divide the square into 8 dislinci urc:i^ 
I. 2, 3. 4. 5, 6. 7 and 8 r^resciilmp 
"ABC. ABC, ABC. ABC. aA\ ABC 
and ABC respectively. Many 
simplifications can he made using ;he 
Venn diagrams. For example, ihe sum 
ABA-AB becomes equal to the area 
A in Fig. 2(b). In a similar way w« 
an find the sum or product of 
aeveraJ combinaiions by studying the 
Venn diagrams. The sum is rtitained 
by adding the areas which may or may 
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zoaul divtdiai foe id the middle of 
Che iquDrc u ihown is Fig. 3(b). For 
the third vtrieble, C aod C lie 
i tpfti ested by drawing two vertical 
lioea u thows is Fig. 3(o). For 
Che fourth variable, D tod D are 
repreeeated by drawing two hori¬ 
zontal lioea ta ihows tn .Fig. 3(d). 
lo Fig. 3(e) tod 3(d) the arena Caod 
C and ^ and D aeem to be diaconti- 
nuotts. The area repreaeotiog one 
variaWe must oot be diacontinuoua, 
left it may be miatiken for asotber 
variable. If we fold Fig. 3(c) into a 
cylinder about a vertical axis at 
shown in the Fig. 3(e), we find Chat the 
surface area of the cylinder is divided 
into two diflereot continuous areas 
CaodC. Jo ■ similar way Fig. 3(d) 
can be folded so as to make a toroid 
thereby making the area b cooti- 
fluous. The K map for two variables 
A and B is shown In Fig. 4(a). The 
lines a and b divide the square into 
4 pans 1. 2, 3 and 4 as in the caK of 
Venn diagram Fig. 2(bj, each part 
representing the products AB, AB» 


iQi overlap and the product is ob- 
sined by finding the area which is 
ommon to all entitiei. The pro* 
luet is highly restrictive and the value 
I always smeller than the smallest 
f the entities iovolved. Once the 
reas are carefully drawn to make 
ertain that areas are properly over* 
ipped or separated, many rclation- 
bips become obvious. It becomes 
onfusing to draw Venn diagrams for 
(lore than three variables since it 
ecomes difficult to observe which 
ombinations are equal to others. 
Umaugh maps overcome this difll- 
ulty to sense extent. 

Karnaugh maps. The Karnaugh 
aap U a way of representing Venn 
Isagrams with a subdivided square 
nd maintain the labels used for 
!k cmJes. For a one vahaMe 
lap, A and A are represented by 
vertical dividing line across the 
liddle of the square ai shown in 
3(a). For the second variable, 
and f an represented by a hon* 


AB and AB respectively. The three 
variable and four variable K 
maps are shown in Fig. 4(b) and 4(c) 
respectively. The four variable map is 
the most popular one which is used 
for manipulating either two or three 
or four variable Boolean functions. 
For example, to find the area ABC 
in a four variaWe K map, simply add 
tbe areas of ABCD and ABCD. Of 
course, the two four variable terms 
must be adjacent in order to make 
the addition and it is not difficult 
to make tbe choice for eliminating 
one variable which is not required. 
Similarly, a two, variable term 
can be obtained as the sum of two 
three variaUe terms and so pn. 
Having re^esented tbe diflereot 
areas in the AT maps, how a func¬ 
tion can be demai^wd may 
be seen, that is, coalesced into a 
simpler minimal function. In • three 
vanaUe map a single square is 
described by three letters. Adjacent 
squares in tbe AT map differ only in 
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one value. WbeA two hc^ici 
squares are added, tbe comtifled aj 
can be re preren ted by twoletteri (o 
less) and the letter Chat is onitted 
(be •one which vahm ha t 

two adjacent squaree. Suppoee, it 
required to Che foneCkm. 

fmASo^ABC-i- ASC-^^AK 

The squares bdoagliigtothediSeR 
lerms are marked Aitt. Then t 
squares which have no nei^ibou 
are noted. They are accounted for l 
themselves and are not amenable ( 
furiber si mplificatJoti. Look for i 
squares which have only one neig 
bour, Combine their areas. Then lot 
for the squares which have two neig 
hours .and combine their areas. S 
whether there are squares i^iicfa ha 
ao ‘*end around*' adiaceocy. If, s 
combine these squares. In Fig. 4( 
tbe squares belonging tothetenns 
the above function m marked. T 
squares ABC and ABC are adjace 
and they are^added to give AC. T! 
squares ABC and ABC have '*a 
around" adjaom^. They are tin 
added to give 3C. Since there are t 
further adjacencies, no Iwtber r 
duction is possible and the ounim 
function is given by: 

fi^AC+Sc 

With practice, a designer will becoo 
proficient in employing these maj 
for finding the minimi functio 
which will yield ao economic han 
ware solution for actual impleuient 
tion. Only tbe basic approach 1 
computer design is presented in (h: 
artide and it is hoped that there idet 
will give the necessary bnd:groun 
for further studies. 
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Thm are aow experiment: 
evidence* that ^aot tn^ir; 
tion can be redaced by artifid] 

Aeao*. By cutting dewa tritt 
piratioB plants lose nothint 
bnt fanners gain 


F ANTS are so made that ih< 
lose a tremendous amount < 
water mainly by transpiration s 
water vapour ihrousK the stomatc 
or stomata. Excessive water los: 
however, causes severe wilting wit 
adverse elfecia on growth and do wet 
ing of plants. It has been found ihi 
only less than one per cent of wate 
absotbed by plant roots i$ retains 
within the plant and considerabl 
smaller percentage is contained ii 
the harvested crop. Wheal plant 
transpire 3000 litre of water for th' 
production of 1 kg of grain. It ha 
been estimated that about two'third 
of the rainfall is wasted in this wa^ 
and the loss may be ns mucfi ai 
40.450 litres of water per day fron 
one hecUre of corn. 

Although the role of tragspiratior 
ii. several physiological functions oi 
the plant has been much debated, ii 
it dear from various experimental 
evidences that there it a good deal ol 
scope for controlling and reducinj 
tbe transpiration rate by artifkial 
means without any adverse effect on 
plant*: but with distinct advantages 
to the grower. Therefore, the possi¬ 
bility of reducing transpiration—thus 
saving water and also alleviating the 
advene effects of water imbalance on 
plant growth when transpiration 
exceeds water absorptioo^reaents a 
unique held in agricultural research In 
India, especially when scant rainfall 
has become frequent in recent years. 
The introduction of high yielding 
crop varieties which require plenty ol 
water for their normal performance 
further emphasues the need for 
reuarch in this line, because at 
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resenf ihe cultivation ofhi^ yidding 
is limited to areas with 
dequate irrigation facilities and high 
linfall. Most of our farmen do not 
are to cultivate these varieties for 
his obvious reason. 

Before discusdng the different 
apects of reduced (rmospinition> let 
a set how the stomata control 
mnspirational water loss In nature. 

HomuI coMrol of triMglnrtaa 

Stomatal transpiration occurs in 
wo stages: (i) evaporation of water 
root the wet mesophyll and chloren- 
byma cells into iotercdiular spaces 
f the leaf, and (ii) diffusion of water 
apour from the intercellular spaces 
ito the outside air (Fig. I). Such 
iffusion of water vapour takes place 
dkcn the stomata remain open. 

Ip geoeral, the stomata themselves 
bow a diurnal periodidty, closing 
t night and opening daring the day. 
ImI this periodicity is related to 

gbt can be easily demoastrated by 
eeptog the plants under darkness 
'bi^ leads to siomatal closure. Of 
oufse, there are many exceptions to 
nil general phenomeiKn. In order to 
tfAMXO such periodicity, the mccha> 


nism of stomatal tnovemeni should be 
Arst understood. 

Each stoma (sinfutar> coosiau of 
two epidermal cells known as guard 
cells (Fig. 2). The walls of the two 
guard cells of a stoma are not evenly 
thickened. In a typical guard cell 
found in most species of plants, the 
cell wall is thicker on tbe skk border¬ 
ing the stomatal pore than on tbe side 
bordering tbe epidermal cells (Fig. 2). 
With tbe increased absorption of 
water by the guard cells (increased 
turgor), the Ibrnaer walls of tbe guard 
cells are stretched more than the 
thicker, thus prodtieiDg a bulge in the 
thinner outer wall and aeoosequenl 
pulling apart of the thicker taner 
walls bordering Che aperture. De¬ 
creased water content leads to dosure 
by tbe spHDf4Lkerecodof the thicker 
inner wiUs. Soca tbe stomalal move¬ 
ment is cootroUed by tbe water 
exchange, any factor that alters tbe 
wmicf cooteat of the guard odh will 

affect tbeir torgor and, tbnafore, tbe 
stomatal openiag. Moiaow, stomatal 
opening is pomihle only cf tbe guard 
c^s can push hack te ^idmiaJ 
calls adjacant to tbm. Tbme cps- 
dermal cdls, as long as they remato 


Pirgid. eaeri a back pressure on tb 
guard cells. If all the epidermal cell 
increase equally in osmotic poteotu 
and turgor pressure, no slomati 
opening would result. Therefore, on 
can generaiixe that In all cases c 
storoalal opening ?«•, whei 

Pif=turgor pressure of guard cel 
turgor pressure of surrounc 
iag epidermal cells 

The opening and closing of stomata: 
controlled solely by water movemer 
into or out of the guard cells. Thi 
walA Diovemeot, in turn, is cot 
trdled by light through its action o 
cell sdute content. The overall effet 
o( li^t and darkness on stomati 
opening and closure, as suggested b 
O.W. SCTath of McGill Univerrit) 
Montreal (Canada) in 1932, has bee 
shown in Fig. 3. 

BadueM tr ii b s ti ia mi pbysia 
leckul Mini 

OpioMs on tbe signiftcance o 
trmaqNratioo range from bolding tha 
H is casential for such proocsses a 
Ic^ cooliiig, mineral uptake am 
transport to the belief that it i 
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atirdy imnccwiMiry and nerely u 
KviuUe consequeace of pUot 
tructure. 

tmd iMf temperatwa 

Except in conditions of high iso- 
ition and relatively high humidity. 
»lant leaf temperatures are very 
lose to ambient air icmperaiure. 
'ield meuuremenis with a number of 
lifferent plant species reveal that with 

slight wind of 50 cm Sec*~'(IO cm 
lee**' being equivalent to conditions 

essentially no wind or free con- 
ection) and with leaves of moderate 
ize. a relatively large reduction of 
ranspiration (40%) raises the leaf 
emperature to 2*02.5X only, 
'ulhcrmorci in many plants stumaU 
end to close during Ihe hottest hours 
if the day. when cooling by transpi* 
ation would be most beneficial. It 
ppears, therefore, that only under 
xtreme c'onditions of high incident 
sdiation and very low wind velocity, 
eaf temperature would be signifi- 
ranlly raised by reduced ininspira* 
ion. 

franapJration and ion uptake and 
rao^Kirt 

The possible effect of the transpira- 
ionai stream on the uptake and 
ranspori of minerals has been much 
Icbuiedin recent years. There appears 
o be some etVcci of transpiration rale 
>n ion uptake, but this varies accord- 
ng U the type of Ihe plant and Ihe 
»pecihc ion involved. There is essen- 
ially no proportionality between 
nineral upUI<e and transpiration 
rales. 

From experimental cvtdeoce.s^ it 
:an be safely concluded that nor¬ 
mally transpiration can be halved 
Mthout any detrimental effect on the 
plant, except under most extreme 
x)nditions. On the other hand, under 
^nditions of excessive trazispinitioo. 
reduction of the rate of transpire- 
ion would prevent the development 
>f water deficit. 

SedKtiM ef CTMipiratkoi 

The first requirement of any method 
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for reducing transpiration is (hat n 70f> nm and would transmn ilu 
should not interfere with the plant radiation in between, 
growih. The reduction of plant The material must be non* toxic 
transpiration is not in itself difiiculi to stick and spread evenly on the leu 
accomplish, but to do so without surface, be stable and sufiiciciu); 
interfering with photosynthesis and permeable to gases so as nol to inter 
growth is the central problem of fere with photosynthesis and resprru 
liltiiranspirant (materials which rc* lion. The leaf temperature should no 
duce transpiration) studies. drop below air lempefaiurc. 

Recently, a number of nteihods Application of while wash spra; 
have been studied as possibilities for to walnut trees reduced the leu 
reducing traAspiration. The four tempcralurc and increased the hUi 
most important ones are; (a) in- of nuls. Spraying the leaves o 
creasing leaf refleciance which dificreni plain species with kuoliniv 
reduces net energy uptake, (b) wind- reduces leaf tempera lure by yc 
break, which increases the air re- 4*C and tianspirulion by 22-2K pe 
distance to water vapour transfer, ceni This is ascribed lo increased lea 
(c) enclosures in which the air humi- refieaivity. 
dity builds up. thus decreasing the 
leaf-lo-air vapour density gradient. Windbreaks 

and (d) applying metabolicalIy active Windbreaks will be of value ii 
materials which tend to close the reducing rranspiration mainly ii 
stomata, or alternatively, coating the 
leaf surface with an inert film. 

Modificatioa of leaf rdketioo 

Not much work has been done on 
the use of reflective materials as anti- 
tran^irants. Sixty per cent of the 
solar radiation is of wavelength 
longer than TOO nm and is not used 
in pbotosynibesis. which, however, 
considerably increases the leaf tempe- ‘ 0/ course, my anti^tronspifw 
reture. Attempts are now being uHU retiuct water needs of piant. 
imt rated to develop a material which but the only anog is that a cansidcrabi 
ideally and aelectively would reflect quantity of water woukl be require 
all radiation below 400 tim and above for its difution befjre use.” 
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desert climates by lowering the wiod 
speed. The particular climate* crop 
and economic sHuation will deter¬ 
mine whether windbreak is worth¬ 
while and which type is more appro¬ 
priate. However, the problems are: 
(a) uneconomy in most cases, (b) 
long time required for establishment 
of live windbreaks (trees, hedges, tall 
grasses, etc.), and (c) high cost of set¬ 
ting up and maiDtaining inert fences. 

Enclosures such as plastic green 
houses are theoretically very aitrac- 
Live in sunny climate for attaining 
more efficient use of water, by main- 
Laining high humidity in the air 
iround the plant and thereby reduc¬ 
ing transpiration. Besides, raainte- 
nance of hi^ carbon dioxide con¬ 
centration increases the rate of 
photosynthesis under a condition of 
intense sunlight Moreover, high con- 
»itr«tio& of carbon dioxide tends to 
close the stomata and reduces traAS- 
si/ation. But heavy capital invest- 
aeot and high maintenance cost are 
required. Besides difficulty In dissi¬ 
pation of unrequired heat, more 
incidencei of disease in the hot and 
vet atmosphere are observed. 


Tbe leaf resistance to transpira¬ 
tion can be increased by* covering tbe 
leaf with inert him forming subs¬ 
tances and/or by spraying chemicals 
that induce either complete or partial 
closure of stomata. 

Flhn formtig aatitraa^ruts 

Coating the leaves wrth an inert 
materiaJ to prevent water lou is the 
oldest recorded method of reducing 
transpiration (Theophrastus. 300 
B.C.). This group of compounds 
indudes waxes, wax-oil emulsions, 
higher alcoh^s. silicones, plastics, 
latexes and resins. Besides conserving 
water in plants, film forming antt- 
traospirants may also yidd other 
benefits from their protection layer 
by reducing damage from insect 
pests, fun^. smog, salt spray and 
undesirable water uptake by fruits 
from rains or ^Tinklers. Funber, 
these materials may be used as slow 
release agents for mineriJ nutrients 
(sudi as iron and zmc wfakfa are 
often supplied as fcdiar applicatioo) 
and also for insectiddes and ftuigi- 
cidcs. 

The main pTactkal problem with 


antitranspirants of the film fonnii 
type is to obtain a material whi' 
would form a very thin, continuoi 
flexible and durable film on the le 
surface and at the same time wou 
be nontoxic and stable under inten 
ultraviolet radiation of the sunligl 
At tbe thickness obtaining on ti 
leaf (about 0.1-1^). the film shou 
be essentially impermeable to wat 
vapour and sufficiently permeable 
carbon dioxide so as not to great 
impair phut^ynthesls. Present 
available materials have all the abo 
dtaractenslics except permeability 
carbon dioxide. This is because tl 
solubilities and coefficient of diffi 
sion of gases and vapours in pol 
thene films are inversely proportioa 
to their molecular weight and dimei 
sioni. The water molecule is. ther 
fore, basically more mobik than thi 
of carbon dioxide. Secondly, becau 
of the presence of wax and hair o 
the leaf mrfaoes of many plant 
complete coverage the fdii^ wil 
an antitranipirant is seldom possibl 
Thirdly, plants constantly p^ucu 
new leaves in the growifig mom 
require frequent appUcation of am 
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ranspiranis. Finally, Ihe cost of the 
materials and its application must be 
t$% then the value of water saved 
nd/or the increased crop yield. 

lateriah caoalBg stomaial do ao re 
It has long been observed that 
tany spray materials commonly 
pplied to plants close stomata and re* 
uce transpiration. Such effects have 
een reported for herbicides, fungi* 
ides, metabolic inhibitors and growth 
ormones. Unfortunately, materials 
vailable to date do not act specih* 
ally on the stomata. Phenyl me re uric 
cid which has been widely used in 
nducing stomatal closure in a num¬ 
ber of plants is not acceptable for 
pplicaiion to edible crops because of 
oxic mercury ions. Moreover, phenyl- 
lercurlc acid is a known inhibitor 
f phosphorylation and hence would 
amage the foliage by blocking 
hoiosynthesis. An ideal stomata 
losing type antitranspirant should 
iMve the following characteristics: 

(i) non-toxicity, so that it can be 
applied to food crops: 

(ii) the stomatal mechanism should 
not be permanently damaged; 

(iii) specific action on the stomatal 
guard cells, with little or no 
etfect on other cells of the leaf; 

(iv) the effects should be persistent 
over one or more weeks; and 

tv) it should he cheap and easily 
available. 

Recently, abscisic acid has been 
uggested as a nonnoxk naturally 
ccurring stomata closing agent 
<hich can be used as an tffec* 


(ive antitranspirant. Neveahetess. 
more research in this respect is 
rsecessary. 

Possible MS of aadfr a o sp ^ats bi 
•grtcelture 

There are almost limitless possi* 
ble uses of anthranspirants in 
agriculture. 

Field crops. Antitranspiranis will 
help in growing high yielding crops 
with high water requirements in areas 
which lend to be too dry for all or 
part of the year. 

TranspJoftWfon of Jntit plantx. 
Trees which are uprooled and moved 
with bare roots or even with a root* 
ball of soil, undergo severe physiolo* 
gkal shock. As many small absorbing 
roots are lost and the previously well 
established contact of the whole root 
system to the soil is destroyed, their 
capacity for water absorption is 
greatly diminished while transpiration 
continues. The decreased at^rbing 
capacity of the root systems of trans¬ 
plants can be compensated for by 
decreasing the rate of transpiration 
through the use of aniitranspirants. 

Fruit cracking. Rainfall during 
the laier stages of ripening of fruits 
like cherry, grapefruit, banana, 
tomato causes the fruit to crack, 
resulting in great loss of the crop. 
Laboratory tests have shown that 
water absorption of fruit which 
causes cracking can be greatly re¬ 
duced by an anti Inins pi rant spray. 

Ornamental horticulture. Prelimi¬ 
nary held trials and pot studies with 
ornamental plants showed that a 


film forming antitranspirant can re* 
duce transpiration by 35 percent and 
can delay irrigation by two to three 
weeks. 

Aniitranspirants can also be used 
on lawns and house plants so that 
they will not require watering while 
the house owner is away. There is 
also much scope of using these 
chemicals in cut flowen which lose 
(urgiJity within a short period, he< 
cause transpiration generally exceed; 
absorption. 

Not much work has been done ir 
India on this aspect, although 
have before us a very exciting belt 
of research to study the significant 
of reduced transpiration in moden 
agriculture. 
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AWNS have through ages 
remained one of the cberiabed 
delicacies of the gourmet all over 
the world. The demand for them is 
increasing. India has great prawn 
potentials, but its yield is falling. 
What can be done to increase prawn 
production in India? 

The prawns, commerdalJy known 
u shrimps, are called Jingo, Koiombi. 
Sungaia, Chemetn, Sfrer/i, etc., in 
different parts of our country. Tbey 
are either fresb water, brackish water 
or marine animals. Being nutritious 
and delicious (especially the larger 


forms) they are valued as haman 
food. Rearing of shrimps or prawns 
in captivity, pc^ularly known as 
prawn farming, has been practised in 
India and other Asian countries for 
many decades. The methods used are, 
however, very mde and not much 
attention has beetf given to mcrease 
their yield. The prawn fiibery 

in our country is based on natural 
resources and ranks second amongst 


the prawn prodtictng countries the 
world. The shrimps comprise ar 
important item of our export trade 
earning over 75 croras <k rupees i 
year in foreagn exchange. The regular 
increase and tedmologiciJ improve¬ 
ments in our proces se d prawn pro¬ 
ducts have gready enhanced their 
gloM demand. However, in the Iasi 
few yean, a sudden decrease in the 
prawn yidd has caused a seriout 


Tbe yield of 
The only w«y to I 


Mkocy—b 
*etae their yield b ftroagh KhwMc linbo| 



Or. Vshi Oomuni h workiiig sf Nsrionaf lesdraw of Occuegmey, Puag. Oca 




coocern anongst iheesportm»eiitit- 
preneun and fiifacry taeoitUt. The 
cause of productioa U tbc io* 
creased number of Irawlers in tbc 
last few yean allowed to exploit 
natural resources to ibe maMmum 
extent. An iraportaot way lo increase 
prawn production now is prawn 
farming. 

There are many species of prawns 
distributed in both temperate and 
tropical waters and are suitaMe for 
culture operations. Many of these 
species ait adapted to changing 
environmental factors like salinity, 
tempera tre. dissolved oxygen, etc. 
Uo^ controlled conditions, tbcrc* 
fore, the success of culture would 
depend upon how a suitable environ* 
meni can be created. A group of 
prawns known as the ptnaeids is 
much preferred for the culture work 
all over the world. Spedes like Kura- 
ma prawn, brown shrimp, white 
shrimp, pink shrimp and fenaeus 
orientalis are being cultured in Japan, 
U.Sj^. and South Korea. Similarly, 
''the giant tiger prawn'* or ^'Sugpo 
prawn", Ptnaeus mono^\ "Indian 
prawn". Ptnaeus Utdicusx "banana 
prawn", Pviaeus mergmtnsis’, "green 
tiger prawn", Ptnaeus semisuicatus 
and yellow prawns, Met^tpemteus 
dobsotii, Metapena^ manoceros and 
Mttapenaeus <^is are well-suited to 
culture in tropied’waters like those 
found in India, Pakistan, Bangladesh, 
Taiwan, Philippines, Indonesia, Ma¬ 
laysia, Singapore, etc. 


lo India, "the giant tiger prasm" 
Ftg. I. "Indian prawn" and some of 
the ydlow prawns form the main bra> 
kisb water species, whereas "the giant 
fresh water prawn", Mocr^r^^hhan 
rosfflbergki aod a smaller species 
Vncro6rocAhen maicomsotu found in 
fresh water habitat are most suitable 
for culture and should be utilized on 
a comniercai] scale. 

Almost all Che species of the 
prawns noted above, except the fresh 
water forms, spawn in the sea. The 
larval stages have restricted powers 
of loeomorion. They driit along with 
the currents of water and enter the 
estuarine and shallow coastal waters. 
They undergo diaogcs resulting in 
postlarvaJ forms and setetJe al the 
bottom where they feed aod grow 
further till they reach tbe juvenile 
stages. These young prawns are called 
post larvae. Tbe late larval stages 
subsist on mkroscr^ ptaots/orga- 
nisiDs. Later, they feed on small 
benthic organisms and the decaying 
matter produced as a result of dead 
ptants and animals (detritus). On 
reaching tbe juvenile stages, they 
enter the sea for breeding. 

The giant fresh water prawn spawns 
in brackish watmand its post-lafvaJ 
devdopment occurs rn fresh water. 
The other species Macrcbroehium 
nwfremwRi, whkh constitutes abont 
98% of the riverioe shrimp catches in 
India, breeds to freah water. Its 
larvae drift towards estuaries, aod 
after attauung the post4arval stege 


they migrate to fresh water where 
they grow u adults. 

MHhids of qdfe 

There are two dlAcrenl methodr of 
culture, lo the first method, prawns 
are allowed to breed in nature and 
ibeir young ones from a parlicuUr 
stage onwards are collected for 
rearing. This method is very old and 
is called the traditional method of 
prawn farming. In the second me¬ 
thod, all tbe life stages, from egg to 
adult, are propagated under con¬ 
trolled conditions. This method ii 
quite recent and is known as inten¬ 
sive prawn culture. It was bnt deve¬ 
loped in Japan. 

Tbe traditional method includes 
simple trapping, holding and growing 
of prawns, depending entirely on 
oatural stocking of the post-larva! 
stages. For ibis purpose, the ponds 
are selected in suitable estuarine 
and brackish water areas, where the 
tidal flow, soil, depth and salinity of 
water ere suitable. These ponds are 
connected with tbc outer main tidal 
stream by sluice gates. When incom¬ 
ing tides in front of the gate reach a 
height of 60 cm above the pond level 
tbe gate is opened and shrimps are 
allowed Co enter the pond. At dead 
tidal height, a IJ cm mesh screen is 
placed across the gate to retain the 
young shrimps. These are allowed to 
grow in poods and are harvested at 
dusk or night during the full and new 
moon periods at the ebb tides, as the 
growing prawns try to return to the 
sea. Harvesliog is carried out mainly 
by draining the ponds and accumiUat- 
ing the shrimps in smtll pans eear the 
sluice gates or in the bag nets fixed 
in position just behind the gatca A 
more frequently used method is to 
place bamboo traps. Lights are often 
used to attract shrimps into the 
tfaps at night. In India and many 
south-east Asian countries, paddy 
fields are also utilized for prawn 
culture after paddy has been har¬ 
vested. The larvae arc allowed to 
feed on natural diet. 
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Tbe method followed in m^pbus 
ii lU^tly modified by iltcnni the 
WMUiit ion of poode tod providiof 
nppilBniUry foode to the huvne 
2). Before etocldog. the poode 
M filled with tide] witcr opto 
Sen to 10 cm in depth to ndoce 
growth of sucrobenthoe complex 
(wU iiucroecopic bottom dvwUini 
orpntee) loctl^ haowo ee 'Leb-bb’ 
w h i ch icrve e» fbod for the young 
ihriopB. StocluDg of poet Urvie it 
eoatrolled, Le., the yonng onee of « 
idected ipcciee *Su|po prawn** art 
introdoeed in the nureofy pon^. 
Tbeae email poode arc located ineide 
the main pr^uctioo pood and are 
aepnimted by dihei. When the larvae 
grow in ei f^ , the dikei are opened 
nod they are allowed to enter the 
BMin production pond. In the ounery 
poode. growth of floatiAg. green 
fitamentoue algae which serve u food 
if diecouraged. because the young 
prtwoe often gel entangled in it. 
However, they are allowed to grow 
along on *lab‘lab' in the outer ponds. 
This food material ie eupplemeoted 
with rice bran or dead fish, which 
are placed in the comers of the pond. 
They also serve as fertilizer to the 
poode. 

J^nneee me t hod of Kurmna ahriap 
cnltn 

It was in 1934 lhat Dr Fujioaga 
first achieved success in epawtung 
and partial rearing of the Kuruma 
prawn. He perfected hts techniques 
and in 1959 ilarted the first pilot 
hatchery and farm. The numerous 
technological improvements intro¬ 
duced thereafter have the 

Japanese method of prawn culture 
such a success that b^des meeting 
the need of their own population, they 
rear and release the young ones in 
their inland seas to augment their 
natural ^rimp fishery. 

Gravid females are released in 
concrete tanks (3(V50 femaka/STa* 
tanlc. 50*100 fetnales/200m* tank) 
with regular temperature and aeration 
contr^. After spawning, the prawns 
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are removed from the tanks to prevent 
eggs from being deatroyed. In early 
larval stages they are fed on small 
microscopic -algae (diatoott). When 
the larvae enter the pcM*Jarvae stage 
and settle to the bottom, the dissolved 
oxygen is maintained at the optimum 
level by regularly circulating and 
aerating the water. The young ones at 
this stage feed on small brine shrimp 
larvae, minced fish, bivalve meat and 
some worms, etc. The young prawns 
are now transported to the produc¬ 
tion ponds which tie connected with 
the «xip stream through two pipes 
for the infiow and outflow of water. 
The fapes are fitted with fine mesh 
screens to keep the shrimps inside 
and the unwanted organisms out. 
The pipes are fixed to hydraulic 
pumpa so that the flow of water is 
maintained. Tliis method yields 
2f)00 kg/ha to 6000 kgfha of prawns 
to the Japanese shrimp growers. 

Many countries in the world are 
trying to achieve succeu in com* 
mercial shrimp culture foUowing 
Japanese methods. However, to date 
the culture is mostly on an experi* 
mental peak. The Untied Sttua of 


America has s uc c eeded in the cultu 
of brown shrimp, pink shrimp. whM 
shrimp and the giant fresh wan 
prawn. A commerciaJ pilot cultuj 
operation in Oahu, Hawaii, under Ui 
supervision of the States Depar 
ment of Fish and Game, product 
3000 kg/ha fresh water giant prawi 
Taiwan is achieving considermh 
succeu in shrimp culture. Formerl: 
stocking of the giant tiger prawn ao 
the yellow prawn was done from (li 
natural resources. But during the la 
two years they have propagated si 
species in captivity from egg to 11 
adult stage. 

In India, the traditional method 
still widely practised and the intensl> 
culture method is on an experiment 
teak. The area available for thi 
purpose has been serimated < 
more than one milliott hectare 
With a long coastline of about 500 
km and lar^ areas of fre^ and sa 
waters, a high potential for tli 
production rimmp on a coa 
mercial scale can be envisaged. Ih 
time is not far off sriwn our sdentie 
will be rearing all the hnporttj 
species from egg to the adult stag 
The Future of ihrimp culture in lodi 
IS bright 

(CMfkwad m /gge M 
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Heart madiines carry oii 
functiou of heart and lung 
durii^ open heart surgery b 
roaintainiiig die circulation c 
oxygenated blood through th 


lie* 


'hciixes thxptrattf grown 
‘ ihsperoiv appUanevs are reiitfd 
' not tit a/t' • Humtet 

EART fung machines are whal 
their nume implies: ihey carry 
j| ihc functions of Ihe heart and Ihe 
ng during open heurl surgery by 
aintaining (he circulation of oxy* 
naied blood through the body. 
^^o^e dcMiihing the heart lung 
achiiie, wc will mention briefly 
H>ui I he hloinl (hal the machine 
called iipi»n (o circulate, and the 
:ari and titc lungs of an adult 
tman whose functionii the machine 
suincN temporarily. Detailed dea^ 
ipi ion of these would call for a 
p;kraie article for each one. 

IwmI 

There are ahoul 5 I it rex of bloixl 
ihe body. It contains approxi* 
iUcK plasma and 45% red 

o«hJ ccII^ alongwilh small every 
sential hut amounts of white blood 
Its iind placeleis. ited blood cells 
ive hemoglobin, each molecule of 
iirch carries four molecules of oxy* 
n. Wh ite blood cells hel p in flghling 
lections. Platelets help in the for 


vessel gets ruptured. The dotting 
mechanism i» triggered by a protein, 
fibrinogen and olt^r ciuymes present 
in the plasma. When fibrinogen U 
removed from plasma, what remains 
is called serum. Plasma also carries a 
number of other proteins (about 6.5 
gm/100 mt ptasma). The detailed 
composition of plasma can be noled 
from any book on hu 0 >an physiology. 

Heart 

The heart contains four chambers 
called right atrium <RA). right 
ventride (RV), left atrium (LA) 
and left ventride (LV) as shown in 
Fig. (. A muscular wall called 
septum divides the heart into 
right and left sides with no direct 
connection between the two after 
birth. These two sides act as two 
positive-displacement pumps placed 
anterioposterioriy. Here, instead 
of a pbtno, the contraction 
of the ventride results in the 
pumping of the blood. The blood 
enters the right atrium through the 
superior and the inferior vena cava. 
From there it goes lo the ri^t 
ventricle through the tricuspid valve. 
The right ventride pumps the Mood 
through the setnUunar valve and Ihe 


pulmonary artery to (he lung 
(pulmonary circulation). In ihe lung« 
the VOf/O^ exchange iakc> pluci 
The oxygenated blot>d comes to ih 
left atrium via the pulmonary vei 
and then enters the left venirrcl 
through the bicuspid (mitral) valv< 
When the left ventricle contract 
t heart beat I the bloml is pumpc< 
through the semilunar vaUe into lb 
aorta tsyslemic circulation). The flos 
in Ihe aorta is pulsatile and ih 
maximum pressure is about 120 mn 
of Hg. The aorta divides inti 
arteries, arterioles and finally inti 
small diameter capillaries (about 10 
where the blood gives out nutrient 
and part of its O, m exchange fo 
CO| and the unwanted end product 
of metabolism in various tissues. Thi 
capillaries merge into venules whicl 
combine to form veins and tinall 
vena cava. The latter leads the bioo 
back into tbe right alriutt 
completing one round of bloo 
circulation. The circulation rate i 
about 5 liter/minute and there U a 
average of about 70 heart beats pe 
minute. Thus an average of abou 
70 ml blood is pumped by each hcai 
beat. The lolal circulation tim 
for the blood it about one minute. 


II ion ol a cUii whenever a blood 
bhn Gupta works in lb« gtoiaedical Encg. Propmmme, Dept cf cbem. Easg., iCanpur 



Htfod 


Rilmonary arteriM 
(^ Imooor y cifc ulQ t lory) 



Lungs 


Pulmonary veins 


Superior vena cava 
Irtferfor vena cava 
Right ctrium(RA] 
Tncuspid vQlve 

Semflunor volve 
Right ventricle (RV) 
Septum 
Pig. I. tUui 


«Wlft 

They ere e spoo|y mast coouin* 
(ig about 30) million air sacks called 
Jveoli. Blood is present in pulmo- 
ary capillaries in the lunp and 


Aorta (Systemic circulolion) 
Lett otrtum(LA) 
SemMur>or{oortic) vofve 
Left ventricle (iV) 


Bicuspid (mitral) valve 


Heart 


OfCO| eaebange takes place acro» 
the alveolar capillary membranes 
(Fig. 2). The toUl surface area of 
the alvedi membrane is about 70m* 
and the Mood pumped in by each 



httrt best U aboot 70 ml vbi 
— »fth Ihe blood already in i 
luagi to form a blood fllm ksi thj 
D.Ol mm thidc In Uie alveol 
eepUlaries. 71m diffatlon of ( 
and COt 9Cfou sudi a thin film 
very fast and, by the time the bloc 
traverses only half the length of ti 
pulmonary caplUanes, it k saturate 
with 0|. 71^ takas about 0 
second to occur. Tbe oxygenate 
Mood enten Che left aide of the hm 
and is pumped into Ae system 
ctrculation as mentlnaed arik 
This must be boms in annd that cli 
Mood never CTchanirs its total C 
with CO^orviee versa. The partu 
pressures of 0| ard CO«ln thebloo 
afMt tbe lungs under normal cood 
tions are given in Table 1. CO^i 
necesiary to maintain the pH of Ui 
Mood dose to 7.4. 

Intricate as this Mood circulaloi 
system U, it is surprising how welt 
functions for Ihe mejoriiy of tl 
people all through their lives wid 
out developing any serious trouble 
However, in some cases everythir 
is not right and the system malfum 
tions. ITiis could be due to cOngeniu 
(birth) defects diseases or injury t 
the heart or the lunp. Some sue 
fflilfunctions can be treated bydruj 
Of simple surgery. However, sever 
types of malfunctions require compl 
caled surgery. Some such situatior 
are the defects in (he working of tb 
mitral or semilunar valve requirin 
replacement or defects in the atris 
septum wan or ventrical aeptum wall 
Under these conditiooi» the bear 
has to be opened to carry out th 
operation. During these ^^erations 
tbe heart cannot be used. Id pump (h 


Tibte.1. Pwtlai pri—II rf O. CO» 



Blood in 


-- ' AlvaoUf 

Puiuoiuiry Putmontiy gu In 
artery van hiap 


pCO| nm Hg 4S 40 40 

pOtmmHi 40 104 104 
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food tfirou^ the pulmomiy and the 
/siemic cimilatioo and ooe it forced 
) rely ofi an cxtcroal pump. 



If in open heart surgery, the luop 
“e not bypawed, as some have irM 
I the past, the anacslhetisl has to 
iflate the lunp about l<V15 times per 
inute to pi saiMheiory oxypnatlon 
f blood. This interferce with the 
peration. Hencb, this piwtice has 
:>w been abaitdoned. The external 
rvice used for oxypnatin^ the Mood 
called the oxypnator. Aloofwiih 
it external pump, this makeeup the 
sart lung machine. 

leart hat ■eehiis 


The major comportents of a heart 
mg machine are a set of pumpa, an 
typnaior ar>d a heat exchanger. 
Slides a host of other mioor com- 
onenCs for control and regulation, 
he pump docs the job of the heart 
f circulating the blood and the 
typnalor does the joh of the lunp 
y providing foe OJCOj exchanp 
he heal exchange is used to gn^ 
daily lower the body temperatare 
lypothermia) so at to reduce the 
letabolic rate and hence idMvypts 
^uirement during the o p eiati on. 
is again used to wann op the body 
> 37*C at the end of the opnalKm. 
Heart lung meei w u es hear bens m 
%t for over 20 yean. The iiupiuwe 
tents since ibeo have made It 
ossibte to uae Unae mneiMM daang 
peraiiom iotiiig a nuahs o# hours 
'itheul fear of any hiHhdawia 
hey are pare# l» peaniP bbea^ 
ircuUtien at anle ofupiatfGlM^ 
linute with a paawseeedBtaB of 
fg and blooMKi sanmdivahase 
5%. A number of tataMdvImli^ 
1 mind la thadm^v 
icn of so^ enedtioaefae 
. Since a machipe haetmtepcaoed^ 


with blood, which 


to use the type of 
the heat caetep 
lesser yohunmal 



3. To avoid dotting heparto 20 mg oxypnalon come prciucnlired un 
per bottle of Mood ie used for ready for use. 
priming the maetime. Patient is 4. To avoid the high rales of shear 9 
hcpnaiaedai the outses before pul* encouniercd in ordinary pump 

ling any caaiMdae insidb the heart which will daraap the blood ceil 

or Nood vassels. HigAfV poliebed and also to avoid the associate 

surfoces are feeonimeudedlo avoid proMems of dcantng» sieriMzatie 

dottiDg of blood. ackd only such pump 

3. The pasta whish come 'into eootoet should be ueeA wlridt do nt 

with Mood need smrifiMKioo; ty* contaeS tbe btoorC The pumf 

goo toMnp^ atainjrm saecl coi^ should prefccaWy provide sorr 

twcliiwet caimu^ and dm oay- putaatde flow whkh is more ph; 

geaator oo mp o n e gm . Drip—ble siofafkal tlmn steady flow. 




Machine breathes for you 


T he artihciai lung will soco 
become avuilable for temporary 
epiacements for conditions like 
pulmonary embolism, pneumonia, 
lirccl injury to the lung and a ''shock 
ung syndrome" following massive 
rauma resulting in acute respiratory 
allure. It will save a number of value* 
•ie lives. It is still in an experimental 
(age and not available for routine 
ise. This can take over the func* 
ions of the lungs for longer periods 
han the heart lung machines develop- 
d in Nineteen Fiftees. 

In the artificial lung or membrane 
xygenator, the oxygen-carbon- 
ioxide-difTusion carried out In the 
mgi is achieved, but less efficiently, 
k silicon rubber membrane is sub- 
ituied for the alveolar and capillary 
ssue; oxyg'.m moves over one side 
r the membrane and deuxygenated 


venous blood over the other. Hie 
oxygen and carbon-dtoxide dilTuaions 
take place across Che membrane 
depending on their concentradoDs 
i.e.. the oxygen from the air diffuses 
into the deoxygenated venous blood 
and carbon dioxide from the latter 
to the air. The thinnest practicable 
rubber membrane is far thicker than 
the natural lung membrane, and its 
total surface is only about 5 sq.m, 
compared to natural lung surface 
area of 75 sq.m. Besides this, due 
to slow diffusion rale, a relatively 
thick blood layer occurs along the 
membrane, which further reduces 
gaseous exchange. Therefore, the 
result is that most aniEcial lungs can 
only transfer about 250 ml of oxy^a 
per minute, which is the nonnal 
requirement of the resting adult. 

N.B. 


Since the huge area of the human 
lung's alveolar membrane cannot 
be duplicated in an extra corporeal 
oxygenator while keeping the 
priming volume low. the blood him 
thickness in the oxygenator Is 
more than that in the lungs result¬ 
ing in a higher resistance to O, 
transfer. This has to be compen¬ 
sated for by increased partial 
pressure of O, in the oxygenator 
so as to increase the driving poten¬ 
tial for Og. Mso. longer contact 
tune should be allowed between the 
blood and the oxygen in the oxy¬ 
genator compared to 0.2 second in 
the lungs. 

In the lungs, 0^ does not come 
into direct contact with the blood 
but the transfer occurs across the 
alveolar membrane. The direct 
contact between the blood and the 
oxygen results in the denituraiion 
of some of the plasma proteins. 
This can be taken into account by 
providing an interface in the form 
of synthetic semi-permeable mem¬ 


brane or a liquid Duorocarbon 
oxygen carrier (see 'cUssiheation 
r»f oxygenators'). With these 
points in mind the various parts 
of the heart lung machine art 
given below. 


Pump 

The pump is of rtriler type with no 


aoviflg parti in contact with 
blood stream. This is called peris 
tie pump. Two or more rollers c< 
nected to a central shaft press 
flexible tube through which the b\o* 
flows (Pig. 7). Movement of I 
rollers forces the blood forward in 
pulsatile fashion simulating the pum 
ing action of the heart. The pum 
have controls to vary the circulatic 
rate. Motion of the rollers can \ 
reversed to suck out any accident 
air bubble in the blood line. 

Whereas, almost universally, tl 
pump used is of the type describe 
above, there are various types of ox] 
genators in use. 


OxygcMtora 

This should be able to oxygenai 
upto 5 liieri/minute of venous bloo 
from 65% saturation to above 95 ^ 
saturation for a number of hour 
without causing any signiflcati 
damage to the blood constituents. 


Ciassifiratfon o/ oxygenotors. Thi 
is based on the manner of the blood 
gas contact in the oxygenator. 

(i) Direct contact oxygenators 
In these the oxygen comes inu 
direct contact with the blood 
<ii) Indirect contact oxygenators 
An interface exists betweer 
the blood and the oxygen 
This reduces the trauma caused 
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Co tbe Hood by the direct 
co a tMt Witt oxyfea. Also, 
tbeee oxyfeMCon ceo be seed 
for • loafer period. 

R^reseotMhie asatpk$ of eecfa 
rpt at oxyieadlor are bricOy di$- 
Mcd bdow. 


AttMr Aryfowrer (Fig. )). Two 
Meti of polyvioyl .plasiie where- 
I aU the Mood chamben and 
lianacU are delioeated by heat 
lake up this oxygenator. The 0^ » 
jbbled directly inlo the blood. An 
iprovement i» the incorporation of 
heat exdiaoger in the settling 
lumber. 

Cyibud'kal romiFig disc axyge- 
orof (Fig. 4). it consists of a large 
umber of thin discs mounted on a 
uft rotaliflf rnaide a cylindrical 
Stainer. Theee discs dip into a 
ool of blood aod lift a Aim of blood 
i they rotate. This Aim is exposed to 


directly and is renewed in each 



>tation. The extent of oxygenation 
in be varied with ip limits. This 
lygenator is reused after sterilizing. 


idlrect ceolact oxygcoaton 

Membrane oxygenator, TeAon 
id silicon rubber membranes are 
^ed because they can be cast into 
;ry thin membranes having suffi- 
ent mechanical strength and desir¬ 


able permeabilities for COt and O^. 
In order to reduce the resistance 
offered by the blood film, the mem¬ 
branes have been arranged in various 
ways by different workers. Some of 
these arrangements are tbe capillary 
(Fig. 5), cascade and sandwitch 
types. 

UqHMi^id oxygenatoe (Fig. 6). 
A Auorocarbon liquid is used as 


.yggn o Wq 

blood 





P9- (SWt<C 
owno 


Fig. % 


a carrier for 0|. Venous blood con* 
tacts the Auorocarbon in the annular 
space between (he two concentric 
cylinders that make up this oxygena* 
lor. The blood gets oxygenated in (he 
brocess and the Auorocarbon is re* 
circulated through an oxygenation 
circuit of its own. 

Heat exchanger. This is usually t 
single pass shell-and-tube type heai 
exchanger with a thin annular space 
having a holdup volume of less thar 
200 ml. Tbe blood Aows in the 
annulus whereas the water Aow< 
through tbe inner tube. 

Dk of heart laag maefaioe ia ai 
oparaeloa 

A typical but hi^y simplilm 
scheme of the blood circulation usio| 
a heart lung such)DC is shown in Fig 
7. A general schedule of steps taket 
ID an open heart surgery follows 
There will, of course, be varsatioo 
depending upon the particular opera 
tion, Che type of oxygenator used am 
the pr ef erence s of t^ surgeon. 

A couple of liters of blood of th 
saoe type as that of thepatieat ar 
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kept ready for primiag the madime 
and for traaefuiion duriof tbe open- 
lion to make up for aoy low. Tbe 
machine is ctkecked out end kept ready 
with ■ fteriluad oxygenator in place. 
Tbe patient ii adminifttered aneaetbe- 
aia and hit cbeet opened. Tbe patieot 
ii given bepario, 3 mg per kilogram 
weight of tbe patient. Heparin acta 
u an anticoagulant for tbe Mood. 

Tbe superior and the inTerior vena 
cava are connected to tbe inlet of tbe 
nachine by a Y<ooaection and tbe 
loita is connected to tbe outlet of 
the machine bye straight connection. 
SimulianeousJy, the pump and the 
supply to tbe oxygenator are 
darted. The Mood circulation is 
naintained at about 3 to 4 liters/ 
ninute, enough to supply tbe 
'lecesMry under hypothermia. 
rO| ii frequently added alongwith 
be 0| to maintain the blood pCO| 
ind pH. The blood is passed through 
be beat exchanger before it enters tbe 
lorta. Thus the blood and tbe 
>ody can be cooled or wanned 
IS desired. The heart ii opened to 
terform the opration. Any blood io 


tb»hear 1 k stseked ool Blood left in 
tbe Jungs docs not coagulate because 
of tbe action of heparin. During 
tbe operation, tbe Mood pressure in 
tbe radial artery is maintained bet¬ 
ween 80 to 90 mm of Hg and tbe 
venous pressure bdow t5 mm of Hg. 
Tbe latter b baaed upon adequate 
urinary output which is taken to be 
about 20 mi/hour. 

Since beparin is metabolized in 
tbe liver, reduced doses ait adminis¬ 
tered every hour in prolonged opera¬ 
tions. At the end of the operation 
heparin is neutralized by protamin. 

As the operation comes to an end, 
tbe beat exchanger if used to warm 
up the body to 37*C. Also, frtsb 
blood is tranfused to make up for 
toy loss io tbe Mood volume. 

The patient is weaned off tbe pump 
and tbe incisions made in the aorta 
and tbe vena cava art s ewn up. 

The opeation is essentially a team 
work where each la c mb er pUys his/ 
her part as per the instructions of the 
surgeon. In Delhi, tbe open heart 
surgery » performed at tbe O.B. 
Pant Hospital and at tbe All India 


InMitute of Medical Sdenoes. The 
are a number of other places 
India where such facilities exit 
The machine costs a Jot of foreij 
exchtfife. We have designed av 
coostmeted a machine which 
at preeem undergoing teste. Th 
machine can also be us^ for' isolate 
organ perfusion before they ai 
transplanted, 
faithei rcadiig 

1. Guyton. A.C., Textbook c 
kiedicai Pkysioiogy, Sauoderi 
Philadelphia, 1971. 

2. Chakrabartj, Ghosh and Sahami 
Modern Human Fkysioloiy^ Th 
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3. Galletti, P.M., Advances ji 
heart lung machines io Advance 
in Bicmedicai Engineering an 
Medical Fhysiii^ Vol. 2, S.N 
Levine (Ed.), Interscience. N.Y. 
I96B. 

4. Nagarajan, R. and Gupta, J.P. 
Design and constitution of < 
heart hmg machine^ presentee 
at the 4tb All India Symposiun 
on Biomedical Engineering, M.T 
Delhi, Feb. 1974. 


VIEDICAL NOTES {Continued from p<^e S$g) 


prolonged period, i.e.. meet than 
. month. These studies clearly indi- 
ate that the duration of action of 
otiestiogea can be prolMged by 
ppropriate modulation of the ini- 
ial dose of the compound. How- 
ver, it should be emphasised that the 
se of anticstrogefis is post- 


coital totifertillty ageoU remains, 
still, a possibility. l^baMy, more 
organized investigalions on the 
bonnooal control of implaatation 
in monkeys and man and the 
possibility of using anticstrogens to 
inbiMt this process may lead to 
the dcvelopmenl of these com¬ 


pounds as 'ideal post-coital 
pills’ tor contraceptive practice in 
women. 

M.S. Shankaran 
Lecturer in Zoology 
Hindu College, Delhi Univ. 
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oth sexes seems to be dependent on 
leir mutual presence. It U expected 
om this oMigatory sexual parasitic 
uociation that tbe male exerts 
imuius for the development of 


ovaries in females and the vice versa. 
Tbe studies conducted so far have 
shown that only tbe male attached to 
a female has developed testis. Stmi- 
ktiy, gravied females were tboee 


wbidi had attached male sexual 
partner. 
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Moon's origin still a puzzle 


OON/ the dingy4001; inf wu* 
tng ind waning orb. invokes 
I a poet a sad countenance of a lady, 
he reasons why she looks so the 
oet doesn't know; he simply con* 
setures them in his Nack and white 
erses. partly eulogising her sulTe' 
ince and forbearance. Same is the 
ituatioD the setentisU are in today, 
illhough so much is known about 
toon’s features and composition, 
ley are unable to present a clear* 
ut theory about its origin. More¬ 
over, the recent Apollo findings 
ave, instead of providing a solution, 
ut them in a fix: moon has become 
far more enigmatic objcol than 
efore. 

The only benefit the lunar data 
ave given is the roostrainu, both 
eochemical and geophysical—with* 
1 the confines of which the models 
r theories about the origio of the 
1000 should be proposed. Geoebe- 
lical constraint: a layer of molten 
xk (about 100 km deep) covered 
te original crust of moon iottx 100 
lilljon yean ago; while it cooled 
was bombarded by meteorites 
>ma milJioB years. Geophysical 
nnstraiot: moon is receding from the 
irth. If this be extrapolated, h ii 
)UAd that moon and earth separated 
billion yean ago long aAer the 
>nnatioo of the oldest oooo ro^. 
Tihese omitraints particulariy 
ivour the burgeoning *Accretioe 
leoty* {Sci 0 Kt, Dec. 6, *74) which 
eludes both the and 

Ityaical aspeega of the problem that 


lack in other theories. It has another 
plus point and that is: it very well 
fits in with th^ formation of the 
solar system. 

FWoa theory 

This theory claims that moon was 
born out of the earth’s womb and 
has many strong evidences in sup¬ 
port. Firally. it is now claimed that 
the rocks of moor> could have been 
formed from earth’s mantle material. 
Moon is rich in refractory elements 
(aluminium and uranium) that con¬ 
dense at hi^er temperatures; iron 
and nickel are present in small quan¬ 
tities. whereas volatile demenu 
(sulphur and lead) are nowhere to be 
found. Secondly, moon has no 
central heavy core. 

At the doae of l9Ui century, 
George H. Darwin proposed a now 
abandoned theory which claimed 
moon to have lm)ken loose from 
earth due to tidal action. The theory 
enjoyed popularity for several deca¬ 
des; today much detailed, somewhat 
different and modern versions have 
i^>laced it. 

Earth used to spin at a period of 
2.6 hrs. It was homogeneous in the 

beginnlog but, later, it differentiated 
to form a central heavy core and a 
li^f envelope 'mantle*. ‘Hus in 
effect increased the moment of inertia 
ci the system so that it spun more 
violently, to throw out its outer 
li^t malenai into space whidi subse¬ 
quently assembled to form the moon. 
Another theory to mefa the same 


ultimate sUte is that the earth was 
spinning cauldron of hot material 
It boiled off a thick cloud of metal 
and oxide vapours which condenaei 
outside in the space to form ai 
orbiting satellite. The spin of th 
earth provided the necessary angula 
momentum for the moon to roiat 
round it 

The objectionx raised against thi: 
theory are purely dynamical in nature 
Such a violent spinning of earth i 
doubted because there is no evideno 
to supplement it—such a rotatiot 
rate is not even that of a non-satelliti 
planet. Moreover, it is argued tha 
the inclination of moon's orbit t< 
the earth's spin axis is inconsisien 
with this spin-off origin. 

Captwe theory 

F. Singer and H. Gersienkorn hac 
done the initial work in support oi 
this model; today numerous mecha 
nisms are available to explain tht 
capture and formation of moon. 

One model claims that moon wai 
captured b> earth as it is. The cap 
luring mechanism was the tida! 
friction in which a slow relative velo¬ 
city of less than 40 m/sec is required 
between the two bodies. Anolhei 
model argues that moon was formed 
out of the siliute mantles that re¬ 
mained in earth's field when the 
protomoons that fled past earth 





'7 iike io marry your danghitr 
She U tike a moon to me! Er, ^ 
course, the fact of her orifin U m 
mystery/' 
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fupted or were itripped off tbeir 
aaterlil. To Accumulate a maaa of 
Qoon't size, it u claimed that proto- 
loons* total mass equivaJeot to tbat 
f earth is required for this process, 
'urther. to capture such fractured 
iecee» a relative velocity of 25m/sec 
I required between the earth and the 
iece. 

Another model claims the moon to 
Bve formed out of the planetesimals 
lat were lyins in a highly inclined 
eliocenlric orbit. As we know from 
Passive nebular theory* {S.R.» Oct. 
5) that a 'chemical aoning* took 
lacc» i.e., the composition of the 
bject was dependent upon its 
Istance from the plane of earth's 
rbit. 

The greatest hindrance to this 
leory comes from ^chemical zoning', 
is still unknown wherefrom a body 
r moon's compoiitioo would have 
solved in solar system. Suppose it 
id evolved in our system, then it 
lUSt be in a far off section—from 
here the moon would not have 
)proached earth with a relative 
docity less than 40 m/iec, and would 
ive evaded its capture by earth. 

ccrcdoQ theory 

In 1S62, when Lord Kelvin's paper 
n the solidification of the earth app* 
ired, a new theory about the origin 
r the planets and moon was founded. 

claimed that moon and planets 
ere formed in a melted condition, 
hich with the passage of time cooled 
sd sdidified. But this theory was 
)mpletely rejected because of the 
listence of mascons, high concenlra- 
ons of solid mass below the ground 
vel. ThU theory seemingly appears 
milar to ‘Acceretion theory* but in 
mcept. it Is far simpler. 

Russians have done mu^ work in 
sveloping the complex 'Accretion 
teory*. According to their 'Small 
sbular hypothesis' for the origin 
' the solar system, planetary bodies 
id sun evolved over a period of 100 


million years. During this span of 
time, particles id the space collided 
with each other and approached the 
still evolving earth. Some of them 
remained in its field and gradually 
built up material to form t^ moon. 
It is pointed out that these incoming 
objects assembled in the earth's field 
only when the earth was about half 
its present size. 

This theory has flaws in that it does 
not explain the present size of the 
moon nor docs it give reasons for the 
outer layer (geochemical constraint) 
of the moon which is a result of 
melting. The duration of accretion to 
be 10 * years is too large a period for 
the matter to collide incessantly to 
produce heatiog--to melt the moon's 
outer layer. As an alternative, it is 
proposed that many large lubmooos 
might have gathered first and then 
collided and coalesced to produce 
the present moon with the production 
of heat daring the collision. 

The Americen advocates of this 
theory, whose arguments are based on 
'Massive nebular theory* in which 
planets took very short lime for 
their fon&alioo, claim that moon was 
formed within 1000 years. Collisions 
of (he incoming particles were in¬ 
cessant so as to release their kmeuc 


F riendly or amicable num¬ 
bers arc defined to be pairs of 


and love. 

The numbers 220 and 2B4 are 
amicable, since 220*2x2x5x11 
and 264*2 X 2 X 71. The aliquot pans 


energy rapidly^to heal the surfac 
of the moon, as required. 

The difference in compositions c 
earth and moon has also been triei 
to be explained. E.L. Ruskc 
proposes that high-energy collision 
among the swarm of particles in th 
orbit of earth might have releasei 
volatile material which was swept oi 
10 earth by the solar wind. Anothe 
proposal is that since silicate mineral 
are more sensitive to fracturini 
during collision than metal minerals 
these must have been easily capturet 
into earth's orbit to form silicate 
rich moon. 

The above explanation is no 
considered to be the appropria(< 
answer. The difference in composi 
tions is therefore one of the majoj 
stumbling blocks to this theory. More 
over, it is now questioned why satel 
)ite$ were formed only round the eartl 
and some planets and why not foi 
Mercury. Venus and especially Mars' 
According to accretion theory. the> 
should have formed round ever> 
planet. However, these obstacles are 
laid aside by the propounders claim 
ing that 'accretion process' is a 
complex one, and is still tncompre- 


of 220 are 1, 2. 4, 5, 10.11.20 22,44, 
55. 110 which add upto 264, whereas 
that of 284 are 1.2, 4, 71, 142 which 


Chalcii (about A.D. 520). a Greek 
Neo*Piatonic philosophy’, ascribei 
the knowledge of amicable numbers 
to the Pythagorean School, a view 


hcnsible to scientists. 

Diup M, Salwj 


Friendly or amicable 
numbers 


numbers such that each member Is 
composed of the aliquot parts, i.e.. * add upto 220. 
divisors of the other^ymbolizlng T*he oripn of amicable numbers is 
mutual harmony, perfect friendship somewhat obscure. lamWichus of 


bi:< 


set UPORltR 
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whkh found Uttle favour among Uter 
historians. In tiK mathematical writ¬ 
ings of the Anbs the amicable nucn- 
bers occur quite often. They play a 
role in the castings of horoscope, in 
magic and astrology, in (he making 
of talisman and in sorcery. As an 
illustration we quote from the 
Historical ProJegornffton of the Arab 
Scholar Tbn Khaldun (1332-1406): 

*'Let us mention that the practice 
of the art of talismans has also made 
us recognize the marvelous virtues 
of amicable for sympathetic) num¬ 
bers. These numbers are 220 and 284. 
One calls them amicable because the 
aliquot parts of one when added give 
a sum equal to the other. Persons 
who occupy themselves with talismans 
assure that these numbers have a 
particular influence in establising 
union and friendship between two 
individuals/* 

The knowledge of amicable num¬ 
bers spread to Western Europe 
through the Arabs during the Renais¬ 
sance U is through contact with the 
Arabs that Europe was able to 
assimilate the whole of Greek and 
Hindu mathematics, not to speak of 
other sciences. Amicable numbers 
thus find a mention in the works of 
many prominent mathematicians 
around A.D. 1500 in Europe. 

Prior to the lime of the French 
mathematician. Pierre de Fermat 
(1601-1665). there appears but a 
single set of amicable numbers, 
namely, the pair (220, 284). In 1936. 
he discove^ yet another pair 
(17296. 18416). It U a strange histo¬ 
rical fact that Fermat found this pair 
by the rediscovery and a^ication 
a rule that was found and formulated 
by the Arab mathematician Abu- 
l-Hacao Thabit beo Korrah as early 
as ninth century. This rule can be 
formulated as follows: 

For various eaponcots. a, we write 
down in a table the numbers : 

1 .(0 
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Thus we have 

n J ^3 4 5 6 7 

P. 5'n S "47 95 J9r383 

Now. if for some n. two successive 
terms and are both ^mes, 
one examines the number 

2.-1 

q*-9.2-l .(2) 

if this number is also prime, (he 
following pair (M.N) Is amicable 

M-2-P*., p,.N-.2«q, ...,(3) 

To illustrate we observe thii px^S 
and pi» 11 are primes, and since 
—9-2*'*^-1 •*?!. which is also prime, 
we obtain the classical pair 220 and 
284 from (3). The roof of the Thabit 
bio Korrah Rule is not dilfkuft but 
we will not deal with k here. 

The next pair of successive primes In 
the above table is Pi">23 and p4*47. 
In this case q4»l)51 is also prime 
and we have from (3) 
2^.23.47-17296 
2M151-18416 

which is the amicable pair obtained 
by Fermat in 1636. Rcoe Descartes, 
the noted French malbematician of 
the 17lb century, in a letter to Father 
Mersenne in 1636 mentioned that he 
had been led to the same rule and 
had given the third pair of amicable 
numbers: 

9,363, 584-2^ 191.383 
9, 437.056-2». 73.727 

Corresponding to the primes of the 
series pt—19) and p,«3l3. 

In spite of further searches later 
on, including those in modem times 
for 0 —1000 or less, oo Thabit bin 
Korrah amicable pair has been dis¬ 
covered other than the above three. 

The Swiss mathematician, L. Euler 
(1707-1783), took up the seerob of 
amicable numbers in a systematic 
manner and developed several 
methods of Anding them. In 1747 be 
givealist of 30 amicable pairs whkdi 
he later expanded to 61—<tfwhkh two 
were found fabe io 1909 and 1914. 

Ml 


It is interesting to recall here th 
Nict^o Paganini, an Italian boy < 
sixteen years of age. discovered in 18< 
another amicable pair (1184—2* 
and 1210-2x5x 11«). This am 
cable pair however eluded the atlei 
tion of many earlier mathemaiidaf 
including Euler. 

It was L.E. Dickson, the 20t 
century American mathemaliclai 
who Arst showed that there are on I 
Ave amicable pairs for which th 
lesser member of the pair is less the 
6233. namely: (220. 284), (IIS^ 
1210), (2620. 2924), (5020. 5564 
(6232, 6368). 

Today it is. of course, not know 
whether there exists an inflnity c 
amicable pairs or there are only 
Anita number of (hem. In 1946 E.l 
Escotl. in an article in the Jourm 
Scripia Ma/hcmatica published froi 
America, gave a list of 390 amicabi 
pairs. This perhaps represents a stai 
of situation in the days before th 
employmeol of high speed electrons 
computers. The Arst man to discovc 
an amicable pair on a computer wi 
H.L Rolf in the year 1965. 

E.3. Lee and J.S. Madachy. in a 
article in (he Journal of Rccrcatiotu 
Mathematics. April 1972. publishe 
froin America, have attempted a rt 
view of the problem and have given 
list of 1095 amicable pairs discovere 
till 1971. They also corrected man 
errors of earlier lists of amicable pain 
Tbeir list shows the largest of th 
amicable pairs being numben if 
volving 25 digits. They also pointe 
out that the Arst 236 pairs in the \h 
constitute a complete tabulatio 
where the smaller member of th 
amicable pair»less than 100.0(X).00i 
There are 859 pairs after that wit 

many gaps yet to be Ailed in an 

perhaps an inAnhy of them beyon 
tbe largest now known. 
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History of non-Euclidean 
geometry 


G eometry, as iu very name 
suggest!, appeared as the practi* 
:aJ science of measurement, the 
neasurement of the earth. As the 
listory of mathematics tefU us. geo- 
netry was used in Egypt in about 
moo B.C.; (hen it was brought to 
3reece by Thales of Milatus (640* 
^ B.C.) who began the process of 
kbstraction by which positions and 
traight edges were idealised into 
K>inU and lines. 

The two records (i) Rhind Papyrus 
1600 B.C., kept in British Museum), 
ii) Moscow Papyrus (1400 B.C. 
:ep( in Moscow) speak of achieve- 
ncnts in mathematics by ancient 
^gypt. The constructions of pyramids 
(ill nonplus the mathematicians of 
nodem age. These pyramids are 
onsirucied on square bases and the 
tccuracy with which the right angles 
kf these squares are constructed 
nake us spell-bound (maximum 
rror found—12 seconds). 

There still exists to-day a tunnel 
ibout 1069.84 m long constructed 
a the 6th century B.C. through a 
ill] on the island of Samos by an 
ircbitect named Eupalinus. The 
onstructioD of this tunnel proves 
low skilful Eupalinus was in geo- 
netry. We cannot get any record of 
Eupalinus* procedure, but this makes 
is grealiy surprised when we think 
hat geometrical instruments like 
heodolites, etc., were not available in 
hose days. Eupalinus must ha^ been 
^oversaot with various geometrica] 
>ropertics. was able to measure 
ingles accurately and to determine 
Itfierence in levels of the two ends of 
he tunnel with astonishing precision, 
-rom all this, we conclude that the an- 
ueot Egyptians and their successors, 
he Oieeki, were highly coovtrunt 


‘•I ' 


with the prictkaf upects of geome¬ 
try. Thales and Pythagoras (582*510 
B.C.) are regarded as the irvg 
founders of modeni geometry (fully 
deductive in nature). 

Geometry mainly deals with pro¬ 
perties of figures in space. Every such 
figure is made up of vinous elefnenis 
^points, lines, curves, planes, sur* 
faces, etc. And these elements bear 
certain relations with one anothei 
(*'A point lies on a line*', **A line 
passes through a point", 'Two planes 
intersect in a line", etc.). The proposi¬ 
tions stating these pr^erties are 
logically intcr*dependent. and it is 
the object of geometry to discover 
such propositions and to exhibil their 
logical inter-dependertce. From the 
ancient times georoeten tried to give 
the subject a logical form. 

Thales, the famous Greek mathe¬ 
matician. gave logical proof of the 
following proposiliooi; (t) a dia¬ 
meter bisects a circle, (it) angles at 
the base of an isosceles triangle are 
equal, (iii) vertically opposite ao^es 
are equal, (iv) angle io a semicircle is 
a angle, (v) corresponding sides 
of equi-aogulai triangles are propor¬ 
tional, (vi) if two an^es and one side 
of a trrao^e are equal to two angles 
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and the corre s ponding side of tb 
other, then the two trian^ea ai 
equal is all respects. 

Later Pythagoru gave logics 
msofUDg for the proof of the f<^lo* 
log propositions: (i) in a right angki 
triangle (be square on the hypolenua 
is equal to the sum of the squarea oi 
the other two sides (the famou 
Pythagoras' theorem), (ii) thre 
angles of a triangle arc equal to lw< 
right an^es. He deduced severe 
formulas for areas and volumes o 
geometrical figures (with proof) 
Besides these, be did much for thi 
development of modem algebra anc 
theory of numbers. 

In fact systematic study of geome 
try was started by Euclid <300 B.C.) 
By purely logical reasoning he deve 
loped geometry as a consistent deduc 
live science. Euclid worked at Ihi 
Univeraity of Alexandria, establishec 
by Alexander, the great. This Univer 
sity was the centre of learning of (host 
days. The historians say that Alex 
ander brought many valuable works 
from countries invaded by him indud 
tng India. This may be called a type o; 
"Brain drain" though strictly not ir 
the modem sense. At Alexandru 
Univeraity, Euclid came in conUci 
with the works of Thales, Pythagoras. 
Hippocrates and all other work/ 
brought from various countries. Ht 
was a skilful geometer. By logica 
reasoning he set forth many proposi 
tions and their proof in Jtis widel) 
read book "EJements". Next to 
'Bible', Euclid's "ElemenU" is iM 
most widdy read book of the world 
The geometry tau^t io high school! 
of theae days is eaienualJy a part ol 
"Ekme&tt** with a few u&importani 
ehangea. 

To study the history of develoo* 
meat of DOn-&idideaQ geometry, we 
must know Eudid and his works first 
As ifi aoy deductive science we prove 
any proposition with the hdp of pr^ 
vioudy proved pf^ositioos, so wc 
do in ^ometiy also. But the problem 
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arises in proving the first theorem or 
proposilioo. We require some notions 
or ideal whose validity we accept 
without any argument, lo hii Book I 
ot **C1emenU'* Eudid started with 
few definitions, five 'common notions' 
concerning magnitudes and five postu* 
lates. The plcn of his book is as 
follows. 

Dcteltfone of • few g co f tricat 
oddce 

Point, line, straight line, angle, 
plane, perpendicularity, rectilinear 
figure, triangle, parallel lines are 
defined. Euclid defined parallel lines 
as follows: "Parallel straight lines 
are straight lines which being in the 
same plane and being produced inde* 
finitely in both directions do not 
meet each other is either direction." 

CommoB Botioas (Enclld called these 
**Aalow**) 

(i) Things which are equal to the 
same thing are also equal to one 
aoolher. 

(ii) If equals be added to equals, 
the wholes are equal. 

(iii) If equals subtracted from 
equals, the remainden are equal. 

(iv) Things which coincide with one 
another are equal to one another. 

(v) Tbe whole is greater than the 
part. 

Poetidafet 

(i)A straight line may be drawn 
from any point to any other point. 

(n)A finite straight line may be 
produced to any length in a straight 
line. 

(iii) A cirde may be described with 
any centre and at any distance from 
that centre. 

(iv) All right angles are equal. 

(v) If a straight line meets two 
other straight lines so p to make 
the two interior angles on one side 
of it together less than two rj^t 
angles, the other straight lines will 
meet, if produced, on that side on 


which the angles are less than two 
right angles. 

The fiflb postulate is known u 
Euclid's "Parallet postulate" or 
"Parallel hypotheses". The very 
presentation of this fifth postulate, 
that is. its theorem-like form in¬ 


fluenced the geometers lo deduce it 
as If consequence of other postulates. 

It is astonishing to note that for the 
later 2000 years Greek, Arabic, 
lltliao, Gennan, English, French and 
Hungarian schools worked hard lo 
prove this "Parallel hypothesis" but 
all in vain. In various periods, 
many geometers proceeded with 
peculiar reasoning. The supposed 
proofs of the fifth postulate had 
al%vays the same fate. 

An implied assumption proceeding 
from the Euclidean postulate had 
been introduced by the architect of 
such proofs. Tbe futile atiempu to 
prove the postulate yielded the 
positive mathematical assertion that 
"certain axioms (postulates) set at 
tbe place of patalkl postulate in tbe 
Euclidean system give together with 
tbe remaining axioms (postulate) the 
tbeorests of Euclid". This is the direct 


coBsequeoce of the attempts to prove 
the fifth postulate; an indirect conse¬ 
quence being the birth of dilTereat 
non-EudideBA geometries which are 
u consistent as Euclidean gbooKUy. 

Given here is a brief history of tbe 
said attempts. 

Ptolemy (Greek geometer, 2nd 



century A.D.) proceeded to prove 
Euclid's finh postulate with cur* 
ious reasoning. He first proved 
the proposition—"A straight line 
falling on two parallel straight lines 
makes the interior angles on the same 
side equal to two right angles." 
(part of proposition 29 of Eudid). 

AM and CD are any two parallel 
straight lines. The transversal Xy 
meets them in E and F. Let p. 9 be 
the interior angles lo the right of Ef 
and rj be the two interior angles i<i 
(he left of £F. Clearly there are three 
possibilities • the sum of p, g may be 
greater than, equal to or less than twe 
right angles. Ptolemy assumed that il 
any of these cases were true for one 
pair of parallels, it would be equal!) 
true for any other pair. Now EB and 
FD are parallel and $0 also EA and 
FD. Hence, if p and 9 be greater than 
2 right an^cs, then r and s will also 
exceed 2 right angles for which the 
sum of the four angles p, 9 , r, s will 
exceed 4 right angles. But this can 
never happen; the sum of p, 9 , r, 4 
is always equal to 4 right angles 
because it is the sum of the straight 
angles at £ and F. Hence, p, 9 to* 
getber cannot exceed 2 right angles, 
in the same way it can be shown that 
p and 9 cannot be less than 2 right 
an^cs. This establishes that the sum 
of the interior angles on the same side 
of a transversal intersecting twe 
parallel lines is 2 right an^es. Now 
Ptolemy took up "parallel hypothe* 
sis" proper. If possible let us assume 
that the lines do not meet on the side 
on which the sum of the interioi 
angles is less than 2 right angles. I! 
they do not meet on one side the) 
will 'not meet 00 either direction 

Then the tinea mmt he parallel lines 

SO the sum of the interior angle 
will be 2 right angles which contradict 
our assumed hypothesis. Hence 
the straight lines are not parelle 
and they must meet at a finit 
distaitce. Let us assume that th 
straight lioes meet on the side 01 
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vbkb the sum of ibe toterior efl|k< 
xceedi 2 right logics. Now from 
'if. 2, the sura of a tnd b exceeds 
right sogles, but the sun of a aod c 
\ % seruight logie. i.e.. 2 right megles. 
[eoce, the ugk c is less theo tbe 
ngle h, but this coetradictt Eudid'i 
% (io toy trUogle the exterior eogle 
i greater thaa either of tbe iaterior 
pposite tDflBS). Heocc» the liacs 
leet on that side on which tbe sun 
r the interior angles U less than 2 
ght angles. This proves tbe **par8Ud 
ypothesis*'. But this is pnctically no 
kdependent proof of the fifth postiH 
ile, i.e.. it is not established as a 
snsequence of the other postulates. 
Next cane Nasir-Eddm (Arab 
athenatkiaa. 1201*1274) wbon 
ork deserves to be mcnCiOAcd. He 
It in tbe forefraeit the thaoren oa 
e sum of ti>e angle of a triangle and 
I exhaustive nature of reasotkiog 
ew attention of otben. He proved 
theorem fint which is as follows: 
tC. BD are perpendiculan erected 
the extremities A and B of a 
raighl line AB. If now 4Cand BD 
: made et^ual to each other and CD 
: joined then each of the angles 
ZD and BDC will be a right angle 
id CD will be equal to AB." Alter 
Nasir*Eddin proved '"Three angles 
a triangle are equal to 2 right 
igles.'* Then with the help of Pasch*s 
iom (if AjB,C^ be three points not 
ing on the same straight line and 
be a straight line lying on the 
sne of A^B^Cy not passing through 
y of A,B^Cy and if ‘o' passes 
rough a point of AB, then it must 
:et BCor 40, Archemedes' axiom 
two segments are given, there is 
ways some multiple of the one 
licb is greater than tbe other), 
isif'Eddin proved tbe fifth poetu* 
a in different cases. 

Next, the En^isb mathematician 
hn Wallis (1416.1703), the Italian 
ithematician Ccro Lamo Saceberi 
^7-1733), the Swiss malbenatidan 
ban Heiarkh Lambert (1728*1777), 


tbe Freorik gecraeter Adriea Marie 
U^odTt (1732*183% tbe Huoga* 
riaa mathematician W^gaiig Bcdyai 
(177^1836) (regarded aa ooe of the 
founders of nofk*Eudideaa geo¬ 
metry) proved the fifth postulete 
by their own way of rcasofilag 
but none could pfo% w tbe saam as 
a conaeqiMce of tbe rraiaiaiag 
postulates. 

Tbe uBSUCGCssfu! attempts to prove 
the fifth postulate yielded the 
result that tbe troubIwonatiDg poatu- 
latecould never be proved and that 
any other hypothesis about parallels 
co^ be substituted so its pla« and a 
different geometry as consistent as 
Euclid's would follow. This paved 
the way for discovery of'Non*Eudi* 
dean geometry*. 

By Che term “Non-Eudideaa Oeo- 
metry** we understand a system of 
geometry built-up without the aid of 
Euclid's 'parallel hypothesis' while it 
contains an assumptioa as to parallels 
incompatible with that of Euclid. 
Tbe name 'Non* Euclidean Geoipecry' 
was first used by tbe German mathe* 
inatkiin C.F. Gauss (1777-1855) to 
describe a system of geometry which 
differs from Euclideu geometry in 
its properties of parallelism. He was 
the first who thought of a geometry 
independent of Euclid's 'paratkl 
hypothesis', but be dared not express 
bis revolutionary views for about 30 
years for his fear of being accused 
of heresy. (His idea of developing 
geometry discarding Euclid's fifth 
postulate could have invited criti¬ 
cism because Eudid's ^ometry was 
accepted by all and sanctified by the 
tradition of many centuries). He too 
partkipated la tbe traditional 
abortive attempts to prove Euclid's 
‘perallel hypothesis* from 1792 to 

1813. After 1813 be overcame the 
customary prqudlce and his lecten 
written to his favourite disdple F.L. 
Wachter (1792-1817) reveal that he 
thought of an 'Aati-Eudidcan* or 
'Non-Eudideaii gsonetry.' 

g4S 


Gauss expressed his views ool 
adien the works of Nikolai Lobah 
chewsky (Russian, 1793-1856) and J 
Bolyai (Huagtriair, son of Wolfgaa 
Bol^, 1802*1860) were pubUsbed 
For this reason Qaiwi was d^mvw 
of hk credit of i a de pend e m ly deve 
toping *Noo-Eudidaaa gaometry* a 
tbe first maa. Gawi'i appidteastoi 
was not baseleu. Lobataehewsky m 
Bolyai reoeived neithar praise ao 
even any reoognitioa tnm the maths 
raatkians of tbow days. On Uv 
contrary, their works were describee 
as tbe futik researoh of eccentric meo 
The malhematieiam of those dayi 
could not even imaguie of a geometr) 
indepaodeot of Eudid's ideas. It ii 
reputed that a renowned raathenati' 
dan of Ruuii of that period describee 
the works of Lobatschewsky as a saii n 
directed against mathematicians. 

Tbe new system of geometry was 
independently developed by J. 
Bolyai in Hungary in 1832 and 
Lobatsebewsky io Russia in 1830. 
Lobatschewsky was s professor at 
Kazan University. He published his 
first piper 'On the prizKiples of 
geometry* io the 1829-30 numbers of 
a journal which appeared in Kazan 
but did not reach other countries. 
Bolyai, an officer of the Austro- 
Hungarian army carried out his 
researches independently and pub¬ 
lished his works in a paper titled 
Appendix Scitntium Spottlobsolutt 
Verrnn txhlbens in 1832. Thus the 
priority of discovery went to Lobats* 
chewsky and Non*£udidean (hyper- 
bolk) geometry is accordingly also 
called Lobaticbewskian Geometry. It 
is truly amazing when we find that 
both the scholars carried out their 
researches based oo the properties of 
horoepbere (1^ horosphere we under- 
itand a surface consisting of all 
points synunetrical to a given point 
about the lines of a bundle of paral¬ 
lels). Later, another system of geo¬ 
metry differing more radically from 
Eudid's wu suggested by Bernhard 
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lemann (1826-1866) in Germany 
k 1 Arthur Cayley (1821*1895) in 
ngland. Tt wa$ Felix Klein (1849- 
125) who first tried to unify all the 
fierent syetems of geometry. He 
•ed the names 'parabolic*, 'hyper* 
>lic\ and* elliptic* for the respective 
stems of geometries of Euclid. 
dlyai-Lobatschewsky and Riemann- 
iyley- 

Difiercnt systems of geometry were 
*veloped by replacing Euclid's fifth 
)stulate by newer ones and keeping 
her postulates unchanged. Lobats* 
ewsky and &olya( suggested the 
{lowing substitution for 'parallel 
^pothesis' : 'Through any point in 
e plane there are two lines parallel 
a given line." 

Riemann's substitution was as 
Hows: 

"Through a point on the plane no 
le can be drawn parallel to a given 
ie*'. Clearly these are distinct devia- 
>n$ from Euclidean geometry in 
Mch there can be only one parallel 
be drawn from a given point to a 
^tn line. 

The works of Riemann were of 
rates! significance. He developed 
geometry which was a very general 
ence and was known as 'Rieman- 
an geometry* whose special cases 
e the Euclidean and the Non- 
jclidean geometries. 

Though the name 'Non*Euclidean 
wmetry' has been wisely suggested 
show clear distinction from Euc- 
lean geometry, some mathemati- 
ms aptly call Euclid the falfacr 
NoD*£iiclideaii geometry for 'his 
ength of genius in introducing 
i fifth postulate which paved the 
ly for (he development of Non* 
iclidcao geometry. 

The distinctive features of the 
ee geometries are as follows ; 
:i)Jn Euclidean geometry^ three 
gks of a triangle are always et^ual 
two right angles; 

:H) In Lobaischewskiin geometry, 
ae angles of a triangk are always 
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less than two right angles; 

(rli) In Riemanntan geometry, 
three angles of a triangle are always 
greater than two right angles. 

Riemannian geometry is of greatest 
significance and it is the most 
general science. Further discussion 
about it is beyond the scope of this 
article and also of any elementary 
discussion. 

At (his stage one may raise two 
worthwhile questions: (i) which of the 
geometries is correct? (ii) which of the 
geometries has got the greatest utili¬ 
tarian value? 

To answer (he first question we 
shall consider the following : 

ta) 'Correct rtess* is a vague term 
when applied to a science like geome¬ 
try which is a process of abstraction. 

tb) Propositions of geometry are 
self*consisteni creations of human 
mind based on a set of assumed 
results, a set of accepted procedures, a 
set of abstractions of common sense 
with sound logic. 

(c) A triangle of geometry cannot 
he constructed in a laboratory and 
its prx>pcrfieN cannot be tested in 
laboratory experiments. Considering 
all these poinu we can say that any 
<eir-i'onsKieni geometry is as correct 
as any other science. 

Let us nt>w consider the second 
question. The earth on which we live 
is almost spherical in shape. Which 
of the geometries will be employed in 


C OSMETICS (soaps not included) 
arc applied on (he human 
body to improve and beautify appea¬ 
rance. However, they usually do so 
temporarily This is because (he 
human body cannot be fed through 

Me 


surveying and other works of pracii 
cal measuremenU on (he surface o 
(he earth? Geometry on the surface u 
a sphere is Riemannian, it canno 
he Euclidean. Straight line being ih< 
shortest distance between (wo point 
and shortest distance of (he surfac 
of a sphere being measured along ih 
arc of a great circle (circle on thi 
sphere with the centre of the spher 
as its centre), great circles are ih' 
straight lines on a sphere. Now 
great circles always intersect, in oilie 
words no great circle can be drawi 
parallel to a given great circle. Fo 
this, the geometry on (he surface o 
the earth is Riemannian. When 
consider a small area like a flat foot 
ball ground on the earth. Eucliden^ 
geometry can be used on that am 
(straight lines are small parts of grea 
circles on this flat osculating regior 
and the curvaiure is neglected). Hu 
the path of a non-stop HcropUm 
flight is invariably u grcui circle 
The analogy of the flai font ha 1 
ground on the suiiaa* ol iht caril 
enables us in unilcisiund the parti 
cular properly of Ricinaiooart geo 
melry which helps us visuali/c Fins 
tcin's dcvcliipmcnl of (he invuriam 
theory of gravitation. Einstein's tav 
of gravttation requires that the geo 
melry governing the observations ii 
a gravitational field must he Riv* 
niannian. 
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skin which is mainly an organ o 
excretion. 

The use of cosmetics to imitate ihi 
natural radiartce of youth datev b:>:l 
to 4000 B.C..as revealed from earlies 
records found in Egypt. Princesse 
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What cosmetics are made of 
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nd queem in Britain used to bathe 
ith wrne (alcohol) to improve their 
>mplexion, while others used milk 
n the same purpose. Indians were 
l$o aware of the technique of body 
tinting, dyes and pigmenu, fau and 
ils. 

Nowadays, ihe need to keep skin 
ralthy and to prevent from it the 
epietion of natural oils and moisture 
growing because bathing soaps 
ave ihe skin dry and the urban 
mosphere is heavily polluted by 
noke, dust and dirt. 


lads ef eesiwttei 

There are ihree types of cosmetics: 
\ creams, lotions and emulsions for 
in and hair; (li) make-up ptepan- 
)t>s such as powders, rouges, lip- 
iekt and nail-polish: (iit) toiletries 
ich HS deodorants. 

ream 

Creams are of various koida. Cold 
earn is an emulsion of oU 
live or mineral) and water. The 
nuisilVing agnt is beeswax, in 
lich a perfume is alio added. It 
eludes clcaosing and lubricaiing 



creams. The ckansing cream contains 
a solidiM isineraJ oil that znehi 
down as it touches the skin. The 
liquid mineral oil peoetraMs the line 
crevices of the skin and gently dis¬ 
solves accumulated grime and make¬ 
up. On the other band, lubhcating 
CTtams arc massage creams which 
contain bnolin aiwl its denvmttvea. 
Lanolin is wax obtained from sheep 
wool and has been considered an 
excellent substitute for natureJ oils 
secreted by Ihe skin. Thb cream 
overcomes dryness and makes skin 
soft and pliant Addition of vitamins 
and csterogenk honnonta is coi>lro- 
versial and is unlikely to produce 
favourable eflects on skin. The tenn 
nourishing cream which it sometimes 
applied to lubricatiBg creairn is 
iherafoce a misnomer. 

For preparing cold cream, place in 
a pan one litre light grade nunenJ 
oil (spedfle gravity 0.S4 to 0.865K 
53 gm cholesScrol, 26 gm laaolio 
anhydrous and IS5 gm sui^bfcacbed 
beeswax In another pan ptoce 500 reL 
water and 14 gm borax Heat both 
mixtures upto 65X aod pour slowly 
borax eolutioo into mreeiat oil nos- 
(uce with coiMtaot s tirri ng . When Che 
tecDperatuie U aroaad 4(rO50^C, 
add 4 fD of a pcrltune oil. Thia ie 
tubrieaiiag cream which oeakk sui^ 
pkeocna the natural oils re more d 
fimthe skia by the seNept actsoo 
of baShiDg soepu 


c Kunu are so called 
becaae ttey seem to direppM whes 
rubbed o» the Stotts Itiii iwn ijreey 



When rubbed, water evaporai 
leaving an almost invisible film 
stearic acid on the skin which therel 
looks smooth. 

Bkaching ertams are cold creaii 
eontaining ammonitied mercury, h 
d r og en peroxide and sodium perb* 
tale. Instead of improving, it ms 
irrittte the skix On the other hen 
astrifigeoi creams contain alum t 
tine compounds. Cuticle cream < 
oil consists of castor, mineral oils an 
glyceriD contaming sodium bury 
aad a mild antiaeptic. The cieai 
kaepe the cutide soft and plian 
Cuticle remover it a dilute solutio 
of poustium hydroxide that sofbt 
the cutkb and ma^ it ea^ lo n 
move the deadshin that formaaroun 
the nails. 

Skin tonka or tonning lotion 
contain perfumed ethyl abohok an 
water. They aie applied to tha sini 
lAer the remoeal of make^upi TV 
act aa an asltingaot to pioduce ; 
pleasant sc oretion erf freshneax tfan 
lotions conska of an emnkion o 
soap, gfyeertn^ oil and a gunk The; 
•baerb supatflaiaJ raoisUire aad forn 
a thia protactiwe layer over tba iku 
Th^ keep the skm soft and p i e ve u 
chapping. 



Half prtpamtknr include sham 
poea fbr ekanan^ tonka foe hcaltl 
of hatsv lotieM for hair groom 
ing, aad to grva it x sheets 
Shampoex anr bathiBi soapxpwpo 
red Ibms eoMM, palm, odw oi 

tyalbMia de^^ato wbkb eomplx 
taiy dspBaailtohmr and* ItoMiMp 
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PIf. t. AfaMcacM 

'uj( of Phyfanlfms embJica (Aouli) 
1 water Both dean the icalp and 
Air wonderfully well, The uae of 
urd alto retards growth of fungus 
riponsible for cauaing daodnift. 

embiiea strtnghtheaa and promotes 
rowth of hair 

lair dye* 

These are hair cosmttks. The 
aiural dyei prepared from henna or 
alnut are harmless hut they make 
air stiff, An ea tract of henna leaves 
t dilute alcohol gives a brown 
ye. It could he darkened further 
y adding ammonia. Also pulped 
/alnut skin when extracted by either 
Icohol or cotton seed oil makes a 
lark brown dye. Metallic dyes are 
rritating to the scalp. The least 
armful metallic dye is made by 
nixing 2 gms ferrous sulphate, 85 
ms glycerin and 1.5 litres water, 
r silver nitrate is used, hair 
i first soaked in a solution of potas* 
ium sulphite. The solution of sil' 
er nitrate is applied when hair is 
with the sulphite. Organic dye 
tased on p-phenylenediamine and 
^tolylenediamine when applied 
ttnetrate the hair shaft and form 
nsoluble brown dye when oxidised 
ty air or hydrogen peroxide, 
however, dyes have no permanent 
effect on hair, 

^ict powdert tad rwgM 

Talcum powder is finely powdered 
ale, Mg|H| (SiOj)i, or snap<,tone 


contaioingasuiiablcsceot. facepow* 
ders consist of talc, niagtiesium car* 
bonate, kaolin, chalk, magnesium 
stearate, zioc uearaic. zinc oxide and 
tiunium dioxide. Kaolin is used for 
adhesion to the shin, chalk for absor- 
Nng penpintion, talc for a slippery 
texture and zinc oxide or titanium 
dioxide to hide imperfections of 
the skin. The colouring agents are 
ochre, sienna or certified organic 
dyes. Careful hlerwling and adjust^ 
mem of particle size are necessary 
to utisfy the requisites of s face 
powder. Cake face powders contain 
a little fat or oil arid a gum which 
acts as a binder The mixture is 
pressed into cakes which are 
applied with a pad or puff. Liquid 
face powders are powders suspended 
in water or non*oily emulsion. 

Rouges are sold in cream, paste or 
powder form. Cream rouges von* 
uin a pigment in a cosmetic cream 
base while pasle*rouges consist of 
colours, fats and waxes. Powder 
rouges are same as face powders 
containing colouring matter and gum 
solution as a binder. 

Muscara 

Muscara is a mixture of iMgments, 
waxes and synthetic resins in a vola¬ 
tile solvent. It consists of carbon 
black, brown iron oxide, a mild 
soap, triethanolamine stearate and 
mixtures of camsuba wax. beeswax 
and spermaceti. While camsuba 
wax is obtained from Coyrpha ceri^ 
fir9y a Brazilian palm, spermaceti wax 
is extracted from the sperm whale. 
Cream tube muscara contains water id 
addition. Muscara is applied to 
the eye lashes with a wet brush. 
After the solvent evaporates, the 
muscara on the lashes becomes highly 
reaisUQt to water. 


Lipatick is a thick waxy face cream 
which is coloured and perfumed. 
It consiste ebiefiy of castor oil, beev 
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wax and a dye such as telrsbrnmoflu* 
orcscein. Fatty acid esters of gly* 
ccrol and glycol are often subetilu* 
led for castor oil. Paraffin wax or 
carnauba wax may also he used. 
Lipstick is made by grinding the pig* 
ment and mixing it with melted wax 
and oil. After healing for someUnt;, 
it is cooled to 45'C and pour^ into 
molds for hardening. Castor oil 
acts as a solvent for the dye and it) 
viscosiiy helps colour stay on the lips. 

Nall poliflh 

The modern nail polish consisis ol 
nilroceMulose dissolved in ethyl oi 
butyl acetate. A plaslicinr or lofr* 
ener to preveni brittleness and s 
resin or gum to improve adhesivenesi 
are also added. Dyes are organic lakes 
which are made up of melallK hy* 
droxides on the surface of which 
a dye is adsorbed. The presence of 
(itaniun dioxide makes the polish 
opaque. Acetone can be employed 
as nail polish remover. 

Toiletrka 

Shaving creams (lathering or non* 
lathering) wet and soften the beard 
and keep the individual hair uprighi 
making it easier to cut with the 
razor. Lather shaving creams art 
potassium stearate soaps containin| 
more water than present in ordinar) 
soaps and a little saponified rosin 
The latter is obtained from ^ecies o\ 
Pin us family and mainly consists ol 
acids of (he abielic type (Fig. I) 
The saponified rosia lowers surfic4 
tension and thereby stabilizea lather 
The preasuhzed or aero-tol typ< 
shaving cream contains triethanola 
mine stearate' which is mon 
soluble than even potassium soa^ 
Brushless shaving creams are modi 
fied vanishing creams conuining i 
wetting agent and a humectant whki 
it a substance like silica gel used it 
retain moiitufc. In all these cream 
water is the main beard-softeoitk 
agent. 
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Afur-^have lotions consist of 
Icohol, water, perfume, astringent 
nd an antiseptic. They are refre- 
ting and styptk. 

Anthperspirants decrease the flow 
) perspiration. They arc talcium 
owders containing aiuminium com* 
oHnds. Deodorants prevent 
eco|tpoftition of perspiration whkh 
reduces ob)ecHonal odour. He* 
itchiurophene and compounds of 
irconium are used as deodorants. 
Depilatories remove unwanted hair 
/hen applied, they loosen hair roots 
ltd soften the hair which are washed 
ivuy The earliesl depilatory is 
iisntu It consists of quick'lime and 
rpiment (AstS^ and is mainly used 
t remove hair from animal skin, 
thers are made of strontium and ra¬ 
ted sulphides. Calcium salt of 
lioglycolic acid. HS.CH^COOH. 
also used as depilatory. It has a 
lilder odour as compared to sul- 
hides. All depilatories leave a 
:ar on the skin unless applied with 
tmest care. Depilatory waxes are 
ladc of rosin and wax muiurcs. 
he melted wax mixture is applied to 
liry area and allowed lo harden, 
^hen pulled, the hair comes off. 

P.S. DuaiY 

Ofplf- of ChertMfry 

Barvilh Co/Zegc 
Barril/r 


Desalination of 
water : a novel 
technique 


D uring the elecirolysU of in< 
organic \alls. pankutarly those 
miaining large coloured anions 
.g,. p«>iassium dichromate. sodium 
aiiudate. etc 1 in a W*shaped elec- 
olyiic veil, a scry interesting pheno- 
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tenon of tbe fonution of two very 
tfirp bouB<Une9 corresponding to 
adic, neutriJ and ba&ic zona faas 
M observed. Similir resolts were 
Iso noticed with variout dye 
)hitioiki, particilarly the lulphonic 
cad dyes, The boundary formation 
i flvh cases is aocempanied by jnhi> 
sikm of ioB>c aigntiofl. for whkh 
0 expUnatioD is apparently availa* 
le. This intereatini phenomezkon 
ad kd to the aka of lesiiog this 
schnique ferr desalination of water. 

When sea water is electrolysed in a 
f'Sbaped electrolytic cell (Fig. la), 
ite magnesium loas present quickly 
et precipitated at (he cathode as 
mgnesium hydiwde. whkh could 
e visually observ ed . Simnltane- 
usiy, the solution in the anode 
oopartment turns slightly yellow 
oe to the liberation of bromine. 

^ large amount of heat is genera- 
id in the central compartment, 
^hkh has to be dissipated by a 
uitable cooling arrangement. The 
urreni initially rises, records a 
laximiini and then gradually dec¬ 
eases until it eventually falls prac- 
ically to zero due to the cessation of 
onk mignilioo. At this point, the 
vhole of the electrolyte resolves itself 
(ito three distinct zones (Pig. lb): 
i) the alkaline zone in the cathodic 
cunpartment consisting of mostly 
odium hydroxide together with small 
luantities of KOH. Ca(OH)| and 
(ii) a column of pure 
(ettlioated water in the central com- 
lartment. and (iii) an acidic zone 
n the anodic compartment which 
I a mixture of acids, mostly con&is- 
ing of sulphuric acid. 

This experiment seems to offer 
i novel technique for desalination 
ft water in a sim^ ind clean 
vay. The recovery of costly and 
M^mmercially important byproducts 
Mch as magnesium hydroxide, bro¬ 
mine. soda, lime and sulphuric acid, 
^rt from an adroit chaaneliza- 
iM of the tremendous amount of 


heat g e ner a ted in the central zone 
(such as for thefsomion of power 
whkh could make the proc ea a lelf- 
soUittiflg) mans to be conducive 
in reoderifif the process raasonably 
economkal. The quantity of pure 
dcttlioaied water obuined in this 
process cdaM be inanased by 


snilable c«|WjituuHal manipulationi. 
A itmwpra am underway to acalc-up 
and maha thk pmoa continuoas. 

S.S. DagA 
fW- ^ Ommistry 
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Biochemistry of alcoholism 


M uch of our sdentibc thinking 
on aleoh^ has io fouisdatioos 
in scientific advances in the last 
century. With the eioergence of 
organic chemistry, ethyl iJ^ol was 
given its luufie (now ethanol) and 
formula and became a central point 
in the study of carbon compounds. 
Curiously, its metabolic e5 cts have 
not drawn the scienlific attention 


they dewrve. In this ariide we shall 
study the metabolism and its effects 
on the body organs. 

Ethanol is a food, a tranquilizer, 
loxk substance responsible for much 
human degradation, and a social 
plague (Fig I). As a food, ethanol 
is hi^ in calories. It produces 7 
calories per gram during metabolism 
compared to 4 calories per gram 



7 Kcai/g 


A Tranquillizer 


i 


Acute pancreatitis 
on rara arid men 

Implicated in 
Cirrhoiia 
Polynauritis 
Cerebral atrophy 




1 

-1- 

1 

n 

A Food 1 


A Drug 


A Toxic 
substance 


A social 
plaqua 



1 



I 


Family and 
social 
disorders 


Vk* 1 


SCIENCE RSPOftTOt 




SCIENCZ SPECnUM. 


k#ioghfl*>*l* 


AcMin 



H klpno. 


(•WAV f C02 ^ H] 0 


F%. 3. fMfewtyt «f Aletfcpl maakotim mm. ADH akofeol Jihydfapnw MCOf 


produced by cvbobydntcs and 
protein and 9 calories per fram 
produced by fat. TbU U an advao> 
ta^e in feeding bed-ridden patients 
unable to eat. A patient wto coo- 
sumea half a pint of alcohol, rap* 
plied tteadily in a salt-water s^utm 
over a 24-hour period, will not suffer 
any symptoms of intoxkntion and 
will receive 1300 caloriet. 

Alcohol u a drug affects behaviour 
because of its actioD on the brain. 
The moat important effect of alcohol 
on the brain is its deprenant or seda¬ 
tive action. These effects are rela¬ 
ted not necessarily to the amount of 
alcohol drunk but to the alcohol coo- 
centratioa in the blood. Very low 
blood-alcohol levels usually pro¬ 
duce mild sedation, relaxation, or 
tranquility. Slightly higher levels, 
St leut in some people, may produce 
behavioural changes which suggest 
itimuialion of brain—garrulousness, 
iggressiveness. and excessive activity. 
At still higher levels, incoordination, 
K)Dfusion, disorientation, stupor, 
snesthesia, coma, or death results. 
According to a report of the U.S. 
National Institute of Mental Health, 
Mood-alcobo) levels upto 0.05% 
will iitduce some sedation or tranqui¬ 
lity; 0.05% to 0.15% may produce 
la^ of coordination; at about 0.13% 
to 0.20% intoxication becomes obvi¬ 
ous; 0.3% CO 0.4% may produce 
jnconsciousness; and levels of 0.5% 
or more may be fatal. 

Ahaerpekm 

Ethanol is freely miscible with all 
body fluids and is absorbed relatively 
quickly—some through the mucous 
tncoibranes of the mouth and sto¬ 
mach. The most rapid absorption 
lakes place in the small intestine 
vbere 90 % is absorbed. Absorption 
ii so complete that no alcohol is 
ouftd in the feces. Absorbed ako- 
aol is distributed in all body fluids 
a proportion to the water content of 
;be fluid. Consequently, alcohol 


may be delected and quantitatively 
measured in trfood, urine, cerebro¬ 
spinal fluid, and water vapour 
borne by expired air. Absorption 
can be markedly influenced by a 
number of factors such aa alcohol 
concentration, other chemicals In 
the beverage, presence of food in the 
stomach, speed of drinking, emptying 
time of the stomach and body weight. 

Althou^ most of the ingested 
alcobol is metabolized, from 2% 
to 5% is excreted chemically un¬ 
changed, mostly in urine, breath 
and sweat 

Metahelin if akehol 

Once absorbed and distributed by 
(be blood, alcohol undergoes me¬ 
tabolic or oxidative changes. The 
main she of metabolism of ethanol 
is the liver, although some other 
tissues, e.g., kidney, muscle, lung, 
intestine and posaiWy even the brain, 
may metabolize small quantities. 
Over 90% of the akoh<^ consumed 
is disposed of by oxidation into CO| 
and H«0. This oxidation takes place 
Ihrou^ several steps. Fig. 2 shows 
the main pathways of ethanol 
metabolism. The first step if> the 


metabolism of alcohol is its con 
venion to acetaldehyde. This occur 
almost exclusively in the liver. I 
is generally recognized now (ha 
three enzyme systems can oxi' 
dize ethanol to acetaldehyde: alco 
hoi dehydrogenase (ADH); the mic 
rosomal ethanol oxidizing systezr 
(MEOS), and catalase acting as i 
peroxidase in the presence of ar 
enzymatic generator of hydroger 
peroxide. 

Akob^ dehydrogenase (ADH) 

This zinc-containing enzyme has 
NAD* as a confactor, an opti¬ 
mum pH of 10.8, and is found 
in the soluble cytoplasm of liver 
cells. The (hennoaynamic equili¬ 
brium of the ADH reaction in v/tro 
is in favour of ethanol formation, 
but oxidation occurs because acetal¬ 
dehyde and NADH are readily 
metabolized by other en^mes. 

MkrtWMQid ethami oxldlzhig system 
(MEOS) 

This system seems to be located 
exclusively in the liver, and its opti¬ 
mum pH, 6.7-7.4, is more physiolo¬ 
gical than that of ADH. Its most 
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Catalase as a 
peroxidase 


I t * + 

CH 3 -C-OH - ►CHa-C—O + 2H 

I 

H -f HO —HO 

t 

Glucose oxidase 
0 -amino acid oxidase 
Xanthine oxidase 


+ 20H 


striking feature b iU utiUulion of 
NADPK to aclivtlc mokruUr oxy¬ 
gen The syttcms whkh can fomixh 
NADPH are glucoee- 6 -pho^hate, 
soluble bocitraie dehydrogenese, the 
malic CfUyme producing pyruvate 
from nulatc. and the gluitmate 
dehydrogenise producing alpha- 
ketoglutariU and NH 4 *. 

PcrazMaae-xaBtWne azidaae paiajaxe 
fyatcm 

Some ethanol may be oxidized by 
the peroxidase xanthine oxidase-caia- 
Uae system, and possibly other oxi¬ 
dases both in liver and plasma. In 
the plasma of intoxicated alcoholics 
there appears to be an enzyme sys¬ 
tem able to oxidize ethanol activated 
byAMPand D-ami no acids, and inhi* 
biied by CN*. The evidence for the 
peroxidalivc pathway of ethanol 
oxidation in man appeared to be an 
irKreasetn peroxisome number in the 
alcoholtci and a rapid oxidation of 
ethanol in the intoxicated alcoholics. 

The acetaldehyde formed in the 
first oxidative step in (he metabolism 
of ethanol ii converted to acetate, 
a reaction catalysed by aldehyde 
dehydrogenase, utilizing NAD% 
as cofactor, and eventually to acetyl- 
CoA. Acetyl-CoA U oxidized 
through the citric acid cycle; ultima¬ 
tely, carbon dioxide and water ate 
fonned. Acetaldehyde can also be 
converted to other subtances such 
as acctoin and hydroxy ketohexa 
noic acid. 

Metabolic effect* of oxidatioa of 
ikobol 

The paths of oxidation 0 
alcohol are through acetaldehydi 
and acetate to carbon dioxide ant 
water, generating NADH ihroug) 
the main pathway. Reduction 0 
NAD* to NADH results in variou 
metabolic changes. 

A major metabolic change is 111 
synthesis of fat which appears 1 
fatty inDItration of the liver. Th 
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IS suggested by experiments with 
human liver that demonstrate depres¬ 
sion of gluconeogcnesis and COj 
formation during alcohol oxidation. 
Another effect of ethanol metabo¬ 
lism is inhibition of the Embden- 
Meyerhof pathway of glycolysis. 
The mechanism would be cither the 
increase in the NADH;NAD* ratio, 
inhibiting the enzyme glyceial- 
dehyde-3-phosphate dehydrogenase, 
or the competitive inhibition of the 
same enzyme with ADH for their 
common factor NAD^. 

Among the additional effects of 
the NAD-NADH shift caused by al¬ 
cohol oxidation is hyperurlvemta 
(excess of uric acid in the blood), re¬ 
sulting from a decrease of uric acid 
excretion wKkh explains the long 
recognized association of drinking 
with gout. Tris condition is com¬ 
mon in drunken persons and infusions 
of alcohol cause it by raising blood 
lactate which U known to suppress 
excretion of uric acid. 

Cirrhosis of the liver is over¬ 
whelmingly associated with alcoho« 
lism. Cirrhosis is a disease marked 
by progressive destruction of liver 
cells. The amount of damage caused 
by alcohol depends upon the amount 
and period over which it U consumed. 

The liver is important for both 
storage and metabolism of certain 
vitamins, and interference with its 
functions by alcohol can (hcrefore 
cause nutritional debciencies For 
instance, chronic intake of ethanol 
reduces the amount of active form of 
vitamin which is one of the 
vitamins most intensively studied in 
alcoholism. Thiamine is converted 
into its pyrophosphate, and alco¬ 
hol inhibits this phosphorylation in 
liver. This results in ihaimine deb- 
oiency. The symptoms differ frocn 
those of beri-beri and the illness is 
known as Wernicke's encephalopathy 
which occurs in alccUoliU. 

Drinking alcohol affecis hormones 
lecreted by the adrenal cortex and 


by the adrenal meduba. Cortisol 
levels are Increased during drinking 
and withdrawal. High levels of ald¬ 
osterone. IS-aldocorticosterone. occur 
during heavy alcohol intake. A large 
increase in urinary excretion of ephi- 
nephrine, norephinephrine (hormo¬ 
nes secreted by the adrenal medulla) 
and their metabolic products is found 
during heavy alcohol intake and 
during withdrawal. Alcohol has a 
diuretic (increasing urine secretion) 
effect by inhibiting production of the 
ami-diuretic hormone of the posterior 
pituitary. However, this effect 
occurs only, as the alcohol blood 
level rises. 

Other effects of ethanol catabolism 
in the liver cell include inhibition of 
the tricarboxylic acid cycle and 
NADPH production. 

Many theories to explain the cau¬ 


ses of alcohol ism have been propose 
yet none has gained wide acce 
tance. A controversial biochemte 
hypothesis that relates alcohol add 
ctioB to opiate (morptiineand relate 
compounds) addiction has been pn 
posed. Alcohol, by way of its pr 
mary metabolic product acetaldehj 
de. competitively inhibits N A D-linke 
enzyme, aldehyde dehydrogenase an 
augments the formation of tetrah) 
dropapaveroline (THP), a benzj 
tetrahydroisoqumoline. The limite 
capacity of the brain to oxidu 
aldehydes may be of pharmacologic^ 
importance because it facilitate 
production of THP in the prescnc 
of drugs that inhibit this enzyme. 

K.R Natxau 
Ami. Prof, Chemislf, 
Prtsiiency CoUeg 
Ma<irai'60000 


Sunflower—an ideal source 

for oil 


S UNFLOWER, a miive of Central 
America, moved to Europe and 
therefrom to Russia and countries of 
its neighbourhood. Today Russia 
produces iwo-lhirds of world's sun¬ 
flower oil. Yugoslavia. Rumania. 
Bulgaria. Hungary and Canada pro¬ 
duce the rest. It is also grown in 
other pans of the world. 

Sunflower, popularly known as 
Sufajmukhi, is a familiar plant. The 
plant has been grown in our country 
for hs omamcntal attraction for 
quite sometime. However, varieties 
suited for oil production have re¬ 
ceived attention only recently. 

According to dau available, the 
average per capiu intake of fats and 
oils in the country during ibe put 
three decades has remained stagnant 
at a level of about 2d gzo. (FAO 


1967) against a minimum of 60 t 
70 gm per capita per day. There 
fore, there » an urgent need of step 
ping up oil availabilily in th 
country. 

Sunflower with iu high yieh 
potential, rich oil content, photo 
insensitive nature of the crop and i 
^ort growing period holds promise 
to overcome or reduce substantiall) 
the edible oil shortage in the country 
(Table 1). 


TaMe 1. fMleonteatof aoxDeasaJoi 
oilseeds (per cm) 


of Ike oUntd 

OUcoMta 

Sooflower 

45-i: 

Stflower 

¥ 

Soybean 


Mustard 

35-4: 

Oroundftui 

45-5( 
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Rusiian breed^r^ )ike V.S Poslo- 
oit of the All Union Research insii* 
)te of Oilieeds, Kransodar (Soviet 
edcration) transformed the original 
jnAower which came from North 
^merica by reducing the thickness of 
le shell and increasing the oil con* 
ml from 2S% lo 50%. Now (he 
Lussian breeders are working on 
arielies with 60 per cent and above 
ill. Sunflower varieties which have 
eeo iairuduccd in India for culti* 
alion are Vniimk 8931 (EC 68413). 
*eredovik (EC 684J 4), Armavirskij 
EC 68415), Armaverts (EC 69874) 
md Sunrise Selection. The oil con* 
ent of these varieties is given in 
fable 2. 


Table 2> OU cooteot of exotic 
luBflowef varietiee 


^•netica Oil coatent (per cenO 

riutmk-8931 (EC68413) 

45 

‘eradovik (EC 6S4I4) 

45 

innavlnkij (EC 61415) 

45 

imaverta (EC 69874) 

45 

lUBffbe Selectbn 

40 




Ttbit 3. F«tt, kM coMcBt of tome oilseed crops cent) 


NuMOTtheOibeed 


I 

SuaHowcf 

Sainowcf 

Soybean 

M<Mtard 

Grauodaui 


lodioe 

NuDbef 

2 


Poly. 

vluaiuntM 

Linotek 

3 
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Falty tcid 

Linulenic Okie Eruuc 


4 


S 


6 



68 

145 

75 

135 

SO 

100 

IS 

84-105 

20 


0 20 12 

0 17 S 

^ 28 5 

2 77 6 

62 12 


Secret: Robinson rt oT. (1958) and Sm^ (I9SS> 


QnUty of MoAower oil 
A high quahly oil is exiracled from 
the seed. Sunflower oil it particu- 
larly favoured by the nutrition cons¬ 
cious people as it has a rich conient 
of iinoiek acid (68 per cent). The 
medical researches have revealed thai 
linolek acid reduces the amount of 
cholesterol in the blood and thus 
prevents blood circulatory troubles. 
The sunflower seed oil. in addition to 
arresting the cholesterol level in 
blood serum, is also known to reduce 
it further. It is because of this kind 
of relationship that soft oils such as 
that of sunflower are recommended 
as a dietary constituent to patients 
suffering from anherosclerosrs—a 
physiological disorder of the arteries. 


The recent medical researches havi 
shown that increasing cholesiero 
content in cerebral artery and coro¬ 
nary ariery results in sudden death. 
Increase m cholesterol content leadt 
lo thrombosis in later stages. 

SunfloNver oil, rich in polyunsaiu 
rated fatty acid (PUFA). is ideally 
suiled for manufacturing vegeiahlt 
ghee. Keepmg this in view, Govern* 
meni of India has made it compulsory 
to blend sunflower oil in vegetable 
oils at the rale of 7.5 per cent. 
Sunflower oil can is easily be hydro¬ 
genated as groundnut or cottonseed 
oil. According to Dr. Ragan (1973). 
sunflower oil does not need hydro* 
gentiioA as it can be used in liquid 
form in blending with Vanaspatt 



8(b). .. wmi 


<tOVEbmi9T9 


SemaREFORTB 




OCNCE SPECTtl^ 


TaMe 4. Aailao acM coocent a protna of tone atjor o«lsee4 cakco 
(amloa acM ia ga per 16 pa of aH rogen) 


Amino adds 

SuoBower 

Safflower 

Soybean 

Ground 

MeibioniM 

3 4 

3 2 

- • 4 * 

1.1 

0 8 

Arfinine 

8.2 

8.7 

7 0 

10.4 

Theonine 

4 0 

4.0 

3.9 

2.6 

Tryptophan 

1.3 

1.8 

1,2 

0.9 

Valine 

5-2 

5.t 

. 5.2 

3.7 

lioleucine 

5.2 

4.8 

5.8 

3.3 

Leucine 

6.2 

7.5 

7.6 

6.4 

Phenylalanine 

5.’ 

8.0 

4.8 

5.1 

HistuliAe 

1.7 

1.5 

2.5 

2.9 

Lysine 

7.3 

2.8 

6.6 

3.3 


«♦* 
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rhU will keep the nutritional quality 
Qtacl. 

Sunflower oil hae an excellent elicir 
ife due to near or complete alaence 
>( linoleic acid. The smoke point 
)r sunflower oil is hign, so loss in 
rying food is minimum. Sunflower 
>)l may be used as a lubricant for 
ighting purposes. It has a potential 
ralue as a fuel in diesel motors. It 
s also used in manufacturing paints, 
tarnishes and soap. Since sunflower 
«ed oil can be extracted with simple 
nachinery and know*how, it does 
lot require sophisticated and expen> 
ive equipment. 

Nutritive v^aJue 

100 gm of sunflower seed contain 


he following nutrients :- 


t olein 

19.8 gm 

'll (oil) 

52.1 .. 

krbof^rtle 

17.9 

Gloria 

620 

^Iclum 

280niem 

ron 

3 M 

hlaninr 

0 69 .. 

Llboftavin 

0 20 .. 

tiacin 

4.5 ,. 


As compared to other oilseeds 
unflower rich in protein and 
alorie (energy). Sunflower seeds 
ire used For table purposes after 
Ichulling, frying and sailing. The 
eed is salted without dchulling by 
>oiling it under pressure in brirte 
olution and drying it thereafter 
Sunflower seed oil meal contains 
10% to 44% high grade protein, 
besides being highly digestible (90 
)er cent), its protein is a rich source 
>r vitamin B*Compkx and contains 
air quantity of phosphorus and cal- 
(Bricker and Smith, 1951). 
Fhc meal obtained from kernels is 
iweet in taste and quality-wise equals 
)r is superior to that of sesame and 
oybean proteins (Table 4). 

It is clear trom the table that 
rom nutritional sland-point there 
ippears to be no reason why sun- 
lower should not be included in 
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the list of protein-rich foods. It is 
also a good ration for poultry and 
livestock and can be used as a 
palatable mixture in baby food and 
other articles of human consumption. 

Sunflower seeds have been used in 
the treatment of bronchial, laryngeal 


C tRATlOlD anglerfishes have 
nearly one hundred species con¬ 
stituting eleven families. These fishes 
are deepsea inhabitants found at the 
depth of five hundred meters, and are 
distributed in the oceans through¬ 
out the world. They have low 
population densities which obviously 
make reproduction a problem in 
deep sea. However, they have evolved 
a typical strategy of male dwarflsm 
and obligatory sexual parasitism. The 
male attaches to the body of a female 
in any stage of the latter's life cycle. 
The male Is smaller in size than the 
female. It is possible for the gigantic 
female to move freely in water. In 
the family Ceratidae of the angler¬ 
fishes, the males have forwardly 
directed eyes apparently for search 
and identification of females of the 
same species. The male of ceratioid 
anglerfishes possess a set of pincer 

5S4 


and pulmonary infections. cou§ 
and colds. 

RxiiiNDRA Sin 
Soybean Prot/uefion Offi< 
S.P. & R 
!$2, CivU fh 
BoreiUy (U. 


like denticles at the tip of their ja 
for grasping and holding (he fcmii 
The attachment is not supeiilc 
and h followed by fusion of eprd 
mat tissues which eventually leads 
the fusion of Hie diculatory systc 
so that the male and female blo<id c 
inlerflow. The association is ihe 
fore not only physical but phys 
logical as well. The male partner 
concerned with (he sperm product! 
while the female, besides product 
ova, also provides blood transport 
nourishment to the male. Such 
association is unique to these spec 
of fishes. 

in a recent article in Mature (V' 
256. July 3. 1975, pp. 39) Dr. T.^ 
Pietsch of the Harward Universr 
UK. has mentioned that the gonac 
development and sexual maturity 

{Coniinutd on pago 5j 
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Basic unit of 
magnetism 
detected 


N August 14. 1975, TKe Antcri- 
can Institute of Physics and the 
fniveraity of California at Ekrkcley 
»intly announced that a particle 
spresenting the basic unit of magne- 
sm had been observed by a group 
f physicists. The pankle was 
elieved to have left iu track on layers 
r plastic and emulsion hung from a 
aloon at high altitude in a search 
or evidence of superheavy elements 
1 cosmic rays. The existence of 
!iis particle has been suipccted for 
tost of the past century but had 


»4T was never mterested in zoo 
i logy,'* said Dr M S. Shanka- 
an laughingly, perhaps at himself, 
'he Irony is that he is at present 
^hing zoology at Hindu College, 
>e1M; has a doctorate in zoology 
nd. on lop of it. has won Indian 
National Science Academy Award 
974 for his original work on oral 
ontiaceptives. Today he is a dedi- 
ated raearcher; in fact, as a rasoU 


stubbornly eluded deteolion. If coo« 
firmed, the detection of the pariide 
will have a major impact on ^ysics 
and technology. The reported par- 
tide is said to be much heavier than 
a proton and has a magnetic charge 
far stronger than the eicctnc charge 
of an electron. Because ofits strong 
magnetism, the particle would res¬ 
pond readily to an electrical held 
and thus could be an efficient source 
energy. The particle would have a 
strong charge or pole, rather than two, 
and thus Is called a monopde. The 
investigative team consisted of Dr. 
P. Buford Price, Professor of Physics 
at the Berkeley campus of the Univer¬ 
sity of California, Dr. Edward Shirk. 
Dr. W. Zack Osborne and Dr. 
Lawrence S. Pinsky Drs. Osborne 
and Pinsky are associated wih the 
University of Houston. If the par¬ 
ticle could becaptured and controlled, 
the inveslipiors said, the applications 
could be far-reaching. The announ* 
cement ;*poke of such practical 
applications as "new medical thera¬ 
pies in the fight againiu diseases such 
as cancer, new sources ol energy, 
extremely small and efficient motors 
and generaton, and new particle 
accelefators of much higher energy 
than any yet built'*. 

R.K. Datta 
101, Pethom Idcn Aoe, 

Nrw York. NY {VSA) 


of the award, he is determined to 
intensify his research. 

Bespci;iat;lcd, reticent in appea¬ 
rance and articulate while talking. 
Or. Shankaran hails from Kerala 
He had his schooling and under- 
graduation in science there, but had 
his M.Sc. and Ph.D. from Delhi 
Univeniiy. Although he wished 
Co take up roedicine asa profemon— 
even when be wai doing M Sc. he 
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had though' of switching over- 
financial eonstrafnis forced him 1 
continue with pure science. Hov 
ever, when he finished M.Sc., I 
suddenly found himseir interest 
in zoology. Under Prof M.R.h 
Prasad of Zoology Depatimcn 
Delhi University. he look u 
research in endocrinology. In \Ti 
he received the Ph.D. degree, an 
for some work he had done for h 
thesis I MSA awarded him a medt 
and Rs. 5000 in cash, (see for hi 
work on AHfiestrofen.f in M^divi 
Notts). 

Dr. Shankran has been teachin 
aoology for the last 2-3 year 
Though he enjoys teaching, he rt 
gards it to be a *incans' and not a 
'end'. It is because, he says, fc 
one thing, the topics he teaches hav 
no rdevance to his research anc 
secondly, he is not able to pay du 
attention lo research. *ThaT's ih 
reason why Indian scientists g 
abroad," he laments, **there, thei 
are full-time research posts availabl 
in universities which provide m 
only satisfaction in work but all 

good emoluments". This doesn 
mean that Dr. Shankaran wants 1 
go abroad, once for all. In fa 
he does want to but for some yea 
only, because **Zoology Departmei 
ai Delhi Univeiaily is very wi 
equipped." 



INSA award winner-1974 
—an interview 
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Is rice taboo 
for the diabetic? 


*T is still widely believed that rice 
should be foully avoided by a 
abelic anJ in»lcad, he should eat 
heat or ragi. While it is difRculi 
I explain the origin of su;h a 
rlicf, il prubitbly goes back to the 
*e*in&ulin era. that is, the Naunyn 
niod, when irealmenC of diabetes 
)nsisted of severe carbohydrate 
slriction and intermittent fasting, 
owever, with our present under- 
anding of diabetes and in ihe li^t 
; experience wUh rice diets at the 
iabcteji Research Centre, Madras, 
e feel that the avoidance of rice is 
irdly justified. 

The fallacy of a diabetic changing 
rcr to a wheat cr a ragi diet as 
irt of the treatment of diabetes 
eUttus becomes obvious as we 
ke a dock at the food values of 
ajor cereals. 

Table 1. shows very little differ* 
ica between the various cereals id 
cir carbohydrate content. The 
abetic who changes over to a wheat 
a ragi diet and then consumes twice 
I normal amount of food under 
B firm belief that he is undergoing 
aatmenl* for diabetes is only 
ceiving himself. The first step in 
B treatment of diabetes by diet 
ntrol is reduction in the total 
lories of food. U is quite im* 
iterial whether one takes rke, 
leat or ragi. 


It migbi be thought by some that 
wheat cooUins more protein than rice 
(II gm percent in wheat compared 
to 9.5 gm per cent in rice). While this 
difference itself is not appreciable, 
Gopolan and his colleagues at the 
KationaJ Institute of Nutrition, 
Hyderabad, have shown that the 
protein of rice is superior to that of 
wheat Viswanathan of Madras 
observed that experience with rice 
diets over a period of 1$ years 
has convinced him that if Ihe toUl 
calories are restricted, a rice diet can 
be used for a diabetic to achieve 
easier, quicker and better control of 
diabeiei. 

Wettera diabHic dkt 

In the west, workers are still 
relucUnt to advocate a diet rich in 
carbohydrate. The typical western 
diabetic diet consists of about 50% 
fat and is rcsiricled in carbohydrate 
content Oi%) (Table 2). 

In India, in the majority .of the 
population, cereals form bulk of 


the diet and consthute the ma. 
source, if not the only source, 
nutrients. In Sonth India, peq 
are acenatomed to a rdativ 
hi^r caihohydnte content In i 
fo^ at the expense of proteins, 
typical South Indian meal of I 
middle iaconie group is of about 3C 
calories, which consists of a momi 
tiffin of iddliet or dosas, rice m 
in (be noon and night and coffee 
between consisting of the compositi 
as shown in Tables 3 and 4. T 
respective percentage of carboh 
drnte, proteins and fat is shown 
Table 4. 

The food of an average Indii 
is quite rich in carbohydrate 
the form of rice ar^ wheat ai 
severe restriction in their quantiti 
needs drastic changes in the 
diet palCern, which is unlikely Co ' 
adhered to over a long period 
time. In view of the pattern of ro< 
in our country, many workers U 
that fl higher carbohydrate contei 
in the dieC of thedinbeiics was nece 


Table J. Food vetoes of cereds 


In im twr lOOfm 


v.«nesi 



Carbohydfaie 

Proiem 

Fat 

Rks 



71.2 

8.5 

0.5 

Wheal 



71.2 

11.S 

1.5 

Rat) 



72.0 

7.3 

1.3 


Table 2. Typka! weatera diabetic diet 





Gm 

Calories 

PercentaoD 

CarbohydnU 



150 

600 

33 

Pro(«in 



75 

WO 

17 

Fat 



100 

Ootl 

50 

Total calories 




1800 


Table 3. Typkd 

sooth IndUl 

1 dlet^ompotltlM 



Go Carbohydeats 

Protein 

Fal * 

Cklories 

Cereals 

550 

440 

n" 

H 2 

mo~ 

Ftthes 

30 

II 

6 


96 

Oib and fats 

40 

— 


40 

360 

Root ysgtlihifii 

50 

12 

1 


52 

Lss^ vegetables 

50 

3 

1 


16 

Milk 

300 

14 

10 

11 

195 

Meat, (bh sad ttg 

40 


7 

5 

73 

Su 0 U end lagasry 

40 

60 



340 

Fruhi 

50 

IS 


— 

60 

total 

_ 

*542' 

51 

51 

ym 
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TaMe 4. TyfktX sooth lodian diet-'break-op of proximate principles 





On 

Calories 

Percental 

iebotiydX9tc 



sST' 

2246 

75 

otgio 



3S 

732 

S 

It 



31 

322 

17 

KalcaJodei 




3003 


Tabu 1 

High carbekydraU-blgh pratelifc-low (at diet-- eeiBpeaitioa 


Gn 

Carbohydnie 

ProteiA 

Fat 

Caloriet 

mil 

173 

140 

U 

I 

613 

ihea 

130 

90 

3A 

4 

540 

is and fall 

30 



30 

270 

afy vegekabl<s 

J30 

s 

3 


44 

ilk (ikimmedt 

600 

27 

13 

— - 

166 

sal and Ash 

60 


12 

10 

138 

K while 

2 

NOJ — 

26 


104 



265 

103 

43 

1877 

table High carbt^ydrate-higb protd^low fat diet 

breakup 

ol proxinate 



priaciplea 

Cm 

Calory 

Percentage 

ubohydraie 



263 

1060 

564 

rotein 



103 

412 

22 

It 



45 

405 

21 6 

9tal caloriei 




lOT? 



iry. Patel of K.E.M. Hospital, 
lombay and Vaishnava of the 
laulana Aaad Medical College, 
lew Delhi noted the usefulneis of 
lets with a higher content of 
arbohydrate. 

In t96S. Viswanathan reported 
is results with the high carbohydrate 
let that he formulated for diabetics, 
'ith carbohydrates constituting about 
0% of the diet. The carbohydrate 
iven was usually rice. The total 
alories was calculated at 25-30 
alories per kg of ideal body weight, 
t was found, however, that many 
atienis did not have sufficient pro* 
nn in their diet. The protein con¬ 
sol of the diet was then raised, which 
Multed in a further reduction in the 
at content of Che diet. While selecting 
be lat, steps were taken to see that a 
ood percentage wu of the ploytin* 
Bturated variety. 


The protein added wax in the 
form of pulses like bengal gram, 
grecii gram and black gram. This 
helped not only to provide a greater 
variety of palatable food, but aJso to 
achieve easier and better control of 
diabetes. There was yet another 
important reason for addition of 
these pulses. Cochrane and his 
colleagues in 1956, and Mathur in 
1969 from Agra, have shown that 
bengal gram helps in the prevention 
of atherosclerosis by reducing serum 
cholesterol and triglyceride and 
possibly through some other mecha' 
nisms. As is well-known in the 
(JiabekH;, iltc atherosclerotic process 
is accelerated. Hence, in the diet 
described above, it is felt that addition 
of bengal gram might help In delay* 
ing atherosclerosis and prevent its 
crippling vascular complications. 
Gopalan has also stated that the 

gS7 


proteins of cereals and pulses have 
mutual supplementary efTcci ar 
the deficiency of one ammo acid 
one food slulT can be made good I 
its excess in the other. If both a 
consumed at the same time. Th 
makes this diet a well balanced di 
for diabetics. It may be called 
restricted calorie, high carbohydraii 
high protein, low fat diet. 

A bleak up of the high carboh; 
drate-high protein diet is given i 
Tables 5 and 6. 

Viswanathan reported in 1974 ri 
efficacy of this diet in the ircutnici 
of diabetes meltilus. When palieii 
were put on this diet the fasting bloc 
sugar was reduced and the gluco: 
tolerance test showed improvemen 
The following observations hu' 
been noted during use of this di 
over a long number of years. 

1. The patients cooperation w: 
more readily obtained, because Cl 
pattern of the diet was not changC' 

2. The incidence of keios 
(diabetic coma) was found to be loi 

3. The control of diabetes wi 
easier and quicker. 

4. The dose of drugs used wi 
very low. 

5. The serum levels of cholesleo 
and triglyceride showed a lcndcn( 
to fall contrary to current belief. 

6. The incidence of vascular con 
plications was found to be low c 
follow up of patients on this dh 
CoBclasjoa 

There is no such thing as i 
'ideal' diabetic diet. Any. diet ih 
is restricted in the total number 
calories, and which is likely to I 
adhered to by the diabetic th rough o 
his life, and which will not lead 
any deleterious effects by increas' 
levels of lipids, which aie inipurta 
risk factors in atherosclerosis, m 
be considered a satisfactory di' 
For the average diabetic in Ind 
who is used to a diet richer in a 
bohydrate, a diet that is restrict 
in calories and in its fat content, ai 
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rich in cvbphydimte tatd proteia 
em» to be the best diet. The pro- 
ia is Uken pieferaNy io the forai 
pulses like bcngal grtm or greea 
UD. Reiardlog the carbohydrate 
nteot* there is do difference bet- 
ieo rioa, wheat or rafi. Hence, 
ere is no oeed to chaope from a 


rice diet, wbirit is the usual diet in 
our country, to a wheat or a rtp 
diet. 


A. lUsftACSUNDkAN 

M. VaHWANATHAN 
/>MAerK‘ Reseorck Cenfre 
Madras-60C0)S 


Antiestrogens 


r HE investigations chat kd to the 
award of the Science Academy 
edal for young sctentisu for the 
ar 1974. were mainly on the action 
ecbanisoi of a da» of chemical 
opounds known as *aniiestrogeos‘. 
Bliestrogens. in a broad sense, 
sy be any substance thii anlago- 
Ks tbe actions of female sea* 
^rmone. estrogen. Various steroid 
mones, sotcgooadotropins. anti- 
staboitles, antibiotics, ergot alka- 
ids» prostaglandins and many other 
bstanccs are inhibitory to the action 
estrogens and come into the cata- 
ify of anlieetrogeos. However, the 
w anliesirogtns are only those com* 
unds which interfere with the me- 
anisms of subcelJular action of a 
imone like estradioMTg. 
Antiestrogens are a class of com- 
unds of considerable biological 
d clinical importance. They are 
ed in the induction of ovulation in 
ovulatory women, in (he (reat- 
mt of endocrine disorders like 
ecocious puberty and breast cancer, 
id are also used in tbe elucidation 
sped lie steps in the action 
^hanism of steroidal estrogens. 
:sides, some of Che aonsieroklal 
itiestrogens inhibit various estro- 
n dependent events in (he female 
ni(al tract duripg early pregnancy 
resulting in the faiiure of implan* 
(ion of ova. These compounds^ 
fer another possibility, of their use 


u 'anti* implanlat ion* agents for 
poet-coital contraception in human 
female. 

Detailed investigations on the mode 
of action of antiest/ogens indicate 
that they are competitive inhibitors 
of estrogens* action in estrogen sensi¬ 
tive target organs tike ulenit. cervix 
and vagina. These studies were 
conduct^ in a new experimental set¬ 
up where rats were ovariectomised on 
day 3 posKoitum. and were adminis¬ 
tered 4 mg of progeslerorw per rat 
per day on the day of ovariectomy 
and thereafter till the termination 
of the experiment. In this condi¬ 
tion the fertilised ova enter the uterus 
as blastocysts, as in the normal 
pregnancy. However, tbe implanta¬ 
tion of these blastocysts to the uterus 
is delayed until tbe rats are treated 
with a minute dose of an estrogen. 
Tbe *delayed implantation* in the rat 
caused by this procedure, is compa¬ 
rable to the period of preimplanta¬ 
tion pregnancy and is an ideal experi¬ 
mental design for tbe study of mech- 
nanisms estrogen-antiestrogen in¬ 
teraction. 

A variety of anttesirogens were 
studied in terms of iheir responses in 
tbe various estrogen sensitive target 
organs with respect to many bip- 
cbemical parameter! of estrogen 
action—starting from the early up¬ 
take of the hormone to the target 
organ to the gross morphologicil 


changes hi the target tissue, tht 
studies 00 the mode of action of no 
steroidal aotiestrogens in rats ebowi 
that the biological properties 
antiestrogeiis vary with rdbrence 
a number of factors, namely: ( 
the type of antiestrogen, (b) 11 
dose of tbe anbestrogen admini 
tered, (c) the responsiveness of t 
estrogen sensitive parameter, (d) t) 
type target organ studied, and ( 
tbe time sequence of action of antic 
trogeoi. Once antMatrogeris occu] 
the *estrogeti-receptor!' in the targ 
cril. they prevent estrogens from r 
aching these sites thereby preventii 
gene-transcription and transletio 
and (be subsequent biological action 

The renewed interest in the stuc 
of antiestrogens is mainly due i 
their possible use as post-coital ca 
Iraceptives for the control of feh 
lily in human. Antiestrogens, whi 
administered to laboratory anima 
(rats and mice) during 1-4 da] 
of normal pregnancy, inhibit ovu: 
implantation. Detailed investig 
tions showed that antiestrogens wh< 
administered during the preimplai 
tation period of pregnancy inhib 
various eslrogen-sensitfve physioh 
gical and biochemical events in (t 
uterus altering the uterine milie 
in such a way as to inhib 
implantation of blastocysts. Tl 
anti-tmplantation action of antie: 
liugcu» have been JemojiNtrateJ i 
various species of mammals. 

One of the pre-requisites for a 
ideal post-coital contraceplivc fc 
human.usc may be its prolonged act 
vity. No doubt a drug with pre 
longed activity after a ^ing]c admini: 
Iralion will obviate the problems < 
repeated administrations, and at ter 
dent practical diflWullies in the dru^ 
delivery and will be more acceplabl 
as a contraceptive agent. !!iludie$ i 

rats during ddayed implantation indi 
cate that if the initial dose of (h 
antiestrogen is increased by 10 time 
It is possible to retain the antiestre 
genic activity of the compound fo 
(Con/imttJ cn pqge 93^ 
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The BM 

New moon occun on 3rd at ^20 
a.m. and fuJI mooo on I8ch at 8-tO 
p.m. l.S.T. The moon paeecs about 
five degrees north of Jupiter on I3tli, 
five tad t hair degrees south of Mars 


on llth, about five degrees south of 
Saturn on 2Ut and two degrees south 
of Venus on 29tb. The lunar oreO' 
cent becomes first visible after the 
new moon day in the evening of 4th. 
The mooQ is at apogee os farthest 


firon the earth CO Uthand at perig 
Of aearest to it 00 26th. The sun 
at the winter* solstice oo 22 nd. 

IVpiaaesB 

Mtrewy (Budba) ii too near tl 
sun to be visible during the first ihn 
quarters of the month. Thcreafie 
it reappears as an evening star an 
sets about an hour after lunse 
It moves from Scorpio {Vrisekih 
to Capricorn {Mokara) through Sag 
itarius (i>hdrutf). Its visual magn 
tude U about —0.6. 

ytruss (Sukra), a morning sta: 
rises about three hours after loci 
midnight during the month- I 
moves from Virgo (Kanyo) to Scorpi 
{Vrisekika) through Libra {Tutu 
Its visual magnitude is about *>3.' 

ki»s (MangaJa) rises at aboi 
sunset and sets at about sunriii 
during the month, being at oppos 
lion with the sun on 15lh. It i 
nearest to Earth on 9ih. ft move 
from Gemini {kfi/kwia) to Tiuru 
{Vrisha) by retrograde motion. It 
visual magnitude is about —] .6. 

Jupiftr (Brihaspati). visible in (h 
eastern sky in the evening, sets abou 
one and a half hours after local mid 
night during the first halfofthemontl 
ar»d about half an hour after it durin, 
Che second half. U becomes direc 
on 10th. It is in Pisces (Muu). It 
visual magnitude is about — 2 . 2 . 

SaJurn (Saoi) rises about thro 
hours after sunset during the firs 
hair of the month and about tw{ 
hours after it during the second half 
It is in Cancer iKarkeia), Its visua 
magnitude U about +0.1. 

(^iovfre. Nautkal Almanac Uni 
of the Metcorologicol Office, Aliporc 
CaKutta>2T). 
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Meeting future energy 
demands 


E nergy provides lu with a cap** 
city to do uftefu! work. For 


loinf anything like cooking of food 
»r (ravelling fron one place lo 
nother, we need the help of energy, 
^rgy has generally been drawn from 
hree type* of sources: fossil fuels 
remains of past organiams lying for 
niUions of years underneath earth’s 
urface)—coal, natural gas and oil: 
iological sources-wood, cattle dung 
nd vegeuble wastes; and electricity 
snerated from hydro, nuclear and 
lermal resources. Of these, from 
hkhever source or in whatever 
irm we may obtain energy, it 
m always be converted into more 
icful and easy«to-use forms using 
triotis mechanical devices. 

Various sources of energy in India 
ive so far failed to meet the fidl 
quirements of both the agricultural 
)d the industrial sectors. This 
(ortage has recently got aggravated 
Tther because of a four-fold increase 
the international price of crude 
I. To take the country out of the 
esent energy crisis, we need to 
crease the yield and production 
the current sources. As our 
yckt of fossil fuels are depleting 
a fast rate and as our energy 
quirements in the future are bound 
increase with increase in human 
>pulation and with improved living 
andards, we would have to take the 


Coat. Total known reserves of 
coal in India are 63 billion tonnes 
and our average annual production 
of coal is only 70 million tonnes. 
This production rate can be increased 
with improved mining technology. 
With increased coal production, more 
Ihermabpower stations may be set up, 
while for other convenient uses, oil 
and gas may be produced from coal by 
employing various coal g8si5cation 
techniques. 

on. Our total known reserves trf 
oil art 130 millioQ tonnes. Our 
present annual consumption of oil 
U 23 million tonnes, out of which 


Generation of 
electricitx 


help of other energy sources as well. 
But before doing so. we would have 
to assess the potentialities of the 
different sources and would have 
to solve many related scienuAc and 
technical problems. 

Here we discuss in brief (he sour¬ 
ces whose yields and productions 
can be increased and the ones which 
can be or art being lapped for meeting 
our future energy demands. A bulk 
of our energy requirements in the 
distant future would be met by fusion 
reactors, chough the current sources 
would keep on playing their role on 
a reduced scale. Use of non>conven* 
lional sources like sun. wind, sea- 
tides. etc., would increase immensely. 


In all power producing system 
it is the generator which produo 
electricity. In big genentors, 
number of electro-magnets attacl 
ed to a shaft are made to rota 
continually inside a system of coj 
with the help of huge turbine 
Rotation of magnets causes 
! movement of electrons in coil 
which is a flow of electric curren 
The turbines are turned with tl 
force of water in hydroelectr 
Stations and with steam pressuj 
in thermal and nuclear powt 
plants In thermal povrer titatiot 
source of heal/or pro<lucing steai 
is coil or oil; in nuclear powt 
stations, it is the controlled nudes 
reaction. On similar lines, lui 
bines In tidal power stations woul 
route with the force of water an 
with the force of fast movin 
winds in wind mills. Steal 
pressure would be utilised to tur 
the turbines in solar and gee 
thermal power sUtions. 


only 6 million tonnes is extract 
from Indian sources. This rate i 
exlrt^ction can be enhanced and, vril 
improved exploration techniques, nr 
oilfields may be located. The recei 
find of oil at Bombay High ms 
bridge to some extent the gap be 
ween our rale of production an 
consumption. 


Catih.dung. Since about 50 percer 
of the energy consumed by India 
masses is biological in nature, a fe 
per cent increase in yield from thd 
sources can make its impact felt eve 
in the near future. Oobar gas plant 
based on fermenUtion of organ! 
wastes in the absence of air, an 
which is in some use now, incrtai 
the heating efficiency of the catt 
dung by about 20 per ce 
and product an organic tnanu 




vliich is iiboul43petcen( beturihin 
he dry cattle dun| itself. This manure 
an reduce pressure on naphtha-based 
ertilisers. Gobar gas. a mixture of 
neihane. carbon dioxide and minute 
luanlities of other gases« is obviously 
i more clearter fuel than the dry 
Jung ftself. Only about 6500 gobur 
tas plants have been installed »t' far. 
ncrciisc in iheir installation rate 
nay go ;i long way in meeliiig our 
unil energy itccds. 

ilu/ro-fkitrichy. The total elec- 
ric power which can be gainfully 
fcncnilcil from our j II water reviiurL'c> 
n ihe country is 4r.(KIU MW (JMW- 
(r ysmul of which onl) 9000 
4W iH'ing gcncrnicd at prcscni. 
'hough ihis source of electrkiiy at 
iincs is so mew hut undependable 
tccause of erratic monsixms and less 
ainrnll in catchment areas, yet the 
>okn(iat of Ihis source r$ tremendous 
)ui of Ihe currently ured sources. 
Ills i> ihe only source which goes 
c;iMe if nol fully exploited. Yield 
roju this source can be more etfec* 
ivciy used by decreasing transmission 
osses which amount to about 20 
>cr ccDt at present. 

Thtrmai po^r. When electricity 
s generated by burning fosail fuels 
usua 11 y coal J. t he max im u m elftciency 
r conversion from heat energy to 
lectneity reached isabout 40 percent, 
he remaining gets lost due to radia- 
ion and other factors. This efhciency 
ia> be pushed to about 55 per cent 
ly using MKD (magneto-hydrodyna- 
siej generators which arc in the 
evelopment stage at present. 

Nuchar powtr. Electricity from 
nis source in the country is being 
eneraled using the fission of both 
Btural and enriched uranium. 
Natural uranium conuioa only 0.7 per 

sntfisaible L)ramuin'235. the rest a 
:rtile Uranium*238. Enriched un> 
ium contains mote thar 0.7 per 
ent Urantum«235). With tl e l.nown 
Itanium deposits and preacl^t reactor 
echnology. our generating capacity 


of decirlc power from this source 
can be 50U0 MW. of wIik*!. onl\ 
600 MW b being utilised at present. 
Our reactors, akuigwiih prcHiucin^. 
ekclrkity. produce some ti^Monable 
Pfuionium-239 friini ahu)rpii:>n of 
fast r»cu t ron> by L r:i niuni • 2 Since 

our deposits of uranium nic rather 
limited, a I tempt > are Iving made to 
develop fast*breeder rc.iciois which 
can use fHufoMium-2.^9 as ;; luel 
Chrint*tt/ e»h’rt*i* I *KTgy 
chemical rcacimii^ In mu ccIK and 
hcitirncs is u^^ mamlv for tiiciiv 
poftation pufp<‘scs 'lhi> circrgs 
may he uW on a much larger scale 
lor the running of light transporta¬ 
tion vehicles and for ckciri Meat ion 
of small and remote villages using 
advanced fuel cells. In a fuel cell 
electricity is produced from a chemi¬ 
cal reaction simply due to a rearrange¬ 
ment of electrons in the outer slieMs 
of the atoms. CeIN which hive 
received (he maximum iitemion 4re 
the hydrogen-oxygen cells- They are 
based on chemicaK which olTer an easy 
supplyoflhesepsev When hydrogen 
and oxygen are allowed to mix in the 
presence of a catalytic agent, water 
fs formed a long with the appearance 
<i( heat and electrical energy. A 
typical hydrogen-oxygen fuel cell used 
in Apollo ^Mce missions produced 
power between 560 lo 1420 watts 
with a voltage range of 27 to 31 volts. 

Nau<auvriiWnual aaurees 

H'ittd energy. High wirsd veloci¬ 
ties in coastal and hilly regions maybe 
used lo run wind mills for electricity 
gexteration and pumping water 
for irrigation purposes. This source 
can. however, give ordy intermittent 
energy, because wind velocities do 
not remain constant throughout the 
year or even throughout the day. 

Oep-thermal energy. Heal of the 
earth available in the form of steam 
under pressure from some weUs may 
be used to generate electricity First 
step in this direction has recently 


Nuclear terms 
explained 

Jf h iicutniti cnlcr^ the nuvlcu' 
of an aUiin and tlic nucleus break* 
into iwooppiovimufcK pjiii 
releasing (woor ihrvc I'.isi-ikvaihi 
neutrons. .i fiKsitiu said lo occur 
Ihe muss dUlcu'iKV Kivseen tiiv 
inHiahinU the pi«i.juc4 ciKiiponchl* 
apiW4irN .IS cikii N ihe ;im<niin 
ol ciWi);) lilxi.Ucd IS ^ivcn b\ 
I msicnii's rjinious nuiss-vncrj'v 
rchlllOllsIlIp I liK- itic ool 
going iicuiioiis cause luitlici 
fissions, ermhiing the rsntsiion In 
continue like a cluni A device 
in whu;H such u ivnciioii is iriitiui- 
cd. muiniained ;ind voniiolJcd i> 
culled a nuclear rvuirt>r. and the 
material which undergoes fission 
thy neutrons of all energies) is 
cu lied UM/e . M ale ria I s wh ich do 
nol undergo fission easily, but iriuy 
be made fissile b> btunburdmenl 
with fast moving neutrons (neut¬ 
rons of energy greater lhan I0U.U)C 
electron-volts) arc called /ertite. 
Reactors which produce more /uvi 
(fisskmable material) than tliey 
consume are called breeder reac¬ 
tors, and the ones which breed 
more fuel, and operate primarily 
with fast neutrons are termed fast- 
breeder reoefors. A reverie 
process to fission, in which two or 
three smaller nuclei combine to 
form a bigger one. is called fusion. 
The release of energy in fusion 
is based on the same principle as 
In fission. 

been uken by planning a I MV 
power plant in the Puga valley. 

Solar energy. Sun is a tremen 
dous source of energy which give 
heat to earth at the rate of 600 calo 
ries/cm*/day. This energy can b 
made use of for a var iety oif purpose 
like heating water, keeping houst 
warm in winter, generating dectricii 
etc. The scientiftc principle involv* 
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I utilising this energy is very 
mple, in that we simply need a 
)lleclor<um‘reflector of sun's rays 
) concentrate them on the object 
) be heated. Once sun's energy has 
een collected in the form of heat, 
can be converted into any useful 
>rm using various mechanical 
evices. Unluckily, technologists 
ave so far not succeeded much in 
esigning instruments which can 
(itisc this energy on a large scale. 
ttermiUenl nature of sunlight has 
l$o made the use of this energy 
urte difficult It is, however, 
mught that in the Ipng run sun 
ould be one of our major sources 
r energy- 

Ti(hi ittfrgy. In coastal areas 
here the tidal range is high, sea 
ater may be collected in a basin 
uring a high tide and on its release 
1 rough turbines at low-tide eteciri* 
ty may be generated. The power 
om such a plant is, however, 
(pendent on the tidal coefficient and 
available at variable hours during 
ie course of a month. 

5e>vagr gas/Carboge energy. 1 n big 
lies where undergrourtd facilities ex* 
t, sewage gas - a mixture of mainly 
lethane and carbon-dioxide--may 
e collected. Out of this mixture, 
icthane may be separated out. 
pmpressed and filled in cylinders, 
his may then be u\ed for heating 
urposes. A considerable amount of 
nergy in the form ofheat and agricul* 
jral manure may also be obtained 
*om urban trash, which nf present 
discharged in the environment 
ssulling ir\ pollution and Uculth 
873rds, 

leveloping sources 

MHO generates, tn these gene* 
non. electricity is generated by 
assing a hot electrically conducting 
Usma in a gaseous or molten state 


through a strong magnetic 6eld <i.e.. 
in these, the copper coib of the usual 
generators are replaced by a hot 
flowing plasma). These generators 
work on the principle of Faraday's 
laws of electro*rtka^ietK induction. 
The power output from such genera¬ 
tors is dependent mainly on the 
electrical conductivity and the velocity 
of the flowing plasma, as well as on 
the strength of the magnetic Aeid 
Efforts of researchers are at present 
directed towards achieving larger 
output from such generators. It is 
hoped ihal such generators would 
be iibk to supply power on a commer¬ 
cial scale in about a decade from now. 

Fast-breeder reactors. Att^pU 
are being made to develop fast- 
breeder reactors in India in two 
stages. In the first stage. Plutonium- 
239 would be used as a fuel, and this 
would be covered with either Ura¬ 
nium-238 or with Thorium-232 as a 
blanket. In the first case, more 
Plulonium-239 would be bred than 
consumed, while in the second case 
fissionable Uranium-233 would be 
produced. In rhe second lUage. fissile 
Uranium-2.13 would be used as fuel, 
and Thorium-232 as a blanket. This 
would breed more Uranium-233 than 
burnt. Since we have the largest 
reserves orThOTium*232 in the world, 
thorium-based fast-breeder reactors 
have a big potent iat for us It is 
hoped, fast-breeder reactors would 
become operational in Indm in a 
few decades. 

h'usum reactors. Since even 
nuclear power agencies face the 
problem of depletion of nuclear 
fuds* sources, scientists have been 
looking for a couple of years for 
those sources of energy which may 
prombe a virtually unlimited supply 
for times to come. One of thw 
is controlled Ihermo-nudear fusion. 
Important fusion reactions on which 
work is going on are between 


deuterium-deuterium tad deuteriui 
tritium (both heavy isotopes 
hydrogen). Deuterium b avaitab 
in almost inexhaustiUe quantities 
oceans in the form of heavy wati 
and may be separated out at relative 
low cost. For the fusion reaction 
undergo, one needs to confine t 
combinirtg nudei for somettr 
fusually a fraction of a second) 
sufficiently high temperatures (gen 
rally greater than 10* K) under ve 
high pressures (greater than l( 
atm.). Since this is an exti 
mcly difficult process, attempts a 
being made to achieve it with tl 
use of powerful laser beams. It 
hoped, researchers would he ah 
to solve various vienlific ai 
technical difficulties wiihin a decai 
or two. and power plants based < 
User fusion would become opera 
ional by the turn of tl 
century. 

Fvture cBergy 

In the immediate future oi 
energy requirement can be m 
simply by increasing the yields at 
searching for new source 
Import of crude otJ may be lowerc 
by making full use of our hydr 
resources and by increasirtg o( 
dependence on coal, even if it meat 
tronsformirtg some of oui oit-bas< 
industries to a coal base. In Kl 
inlermediate future (beginning aboi 
2000 A.D.) when the enhanced u: 
of coal would start posing enormoi 
transportation problems, il is hope 
that our technological advano 
would enable u^ to derive enoug 
power from solar energy artd fas 
breeder reactors. In the dislai 
future, it appears, nuclear po.w 
wo4ild become a major source < 
electric generation and would mn 
the bulk of our energy demands. 

Naresh Kursa 
Fkysics Deptt.. Hindu Coite% 

OethhUOOt 


riGNcx REPOirmt 


Novmmr 


How fluorescent lamp works 


JXCELLENT brilliaace al low 
incest is the oulsUndins quality of 
fluorescent lamp. Now this light- 
g device is being preferred to an 
!ctric lamp. 

Three pans make a fluore>cent 
mp: the fluorescent tube. the 
oke and the starter. The fluores* 
nt tube produces brilliant light 
th the assistance of choke and 
trier. The choke limits undesi* 
bic voltage or current harmful to 
e tube. The function of the starter 
to provide an appropriate voltage 
ross the tube at the right moment. 
The fluoreycent lube is a tong cy- 
idcncal glass lube coated inside 
ilh a phosphor (chemkats. e.g., 
nc silicate, cadmium silicate or 
Icium tungsiaie) A phosphor is a 
lemical that exhibits the property 
fluorescence. In other words, 
hen a radiation of tome wavelength 
rikes a phosphor, it absorbs the 
dialion energy and emits it iit the 
>me instant but with a longer wave* 
ngth. The oul‘Coming altered ra* 
ation lusts as long as (he incident 
dialion coniinues to strike the 
losphor The moment it is cul- 
r the out-coming radiation stops. 
The phot^phor-coated fluorescent 
be contains mercury vapourv and 
ime minute traces of argon at a 
fry low pressure. Mercury va- 
jurs release ultraviolet rays when 
:)mbarded by fast-moving electrons 
avelling from negative to positive 
ectrode of the fluorescent tube, 
he easily‘ionisable argon i% present 
> initiate this process. The elec* 
odes are made of tungsten meui 
>vered with an electron*emissive 
Alerial. 

The starter is a glow-switch -an 
i^on filled lube sealed with two elec- 
odes. The electrodes can be inier- 
snnected only by heal. If the space 
iside the tube becomes hot, the ex¬ 


pansion of bimetallic contact prevent 
between the electrodes takes pUce 
(see flgure). ultimately bridging the 
gap. When the space cools down, 
the bimetallic contact between ihe 
two electrodes breaks owing to 
contraction 

In u fluorescent lamp, nil the three 
components are arranged in a special 
type of circuit known us *pre*hcui 
circuH' 1 he choke is m series wiih 
the electrodes of flunrcwvnt tube, 
whereas the starter is pitralKI to it. 

When switch is flicked 'on*, a high 
voltage acts across t!>c eiccirudes of 
the tube and those of the Martcr 
The voltage across the electrodes of 
the starter ionises argon easily The 
starter, therefore, allows a small 
current to pash through ri. The 
voltage across the fluurcfcctil lube is 
unable to ionise the enclosed mercury 
vapours. Ji is because of two rea¬ 
sons* first, that llw mrrrury vapours 
are not easily ionis.'ihle. and secondly, 
there is a large gup between the ele¬ 
ctrodes. So. the minute current that 
flows through the starter heals the 
electrodes of the fluorescent tube, 
knocking off electrons from the 
eleciron-emissrve material. The 
electrons accumulate about the 
electrodes of the fluorescent lube. 

Consider now the subsequent chan¬ 
ges in the starter and. hence, in the 
circuit. The flow of current through 


_SCIENCE FOR THE YOUNG 

the starter heats Ihe space inside i 
leading to the linkage of the iwt 
opposite electrodes No soone 
(hi« hupiKns ihan the whole vollagi 
gets applied across the already hen 
led cipt'rodes of the fluorescent tube 
Th; elect roils that were presen 
around the cleilrode.s gci instantanc 
ousi) attracled to the electrodes <ii 
opposite pi'ilariiy 

As there is r»o gaseous conductloi 

in the stiirier lube the enclosed spac< 
iooK down in due couisc. breaking 
the biini.ijiMK tonimt The inv 
umt this occurs, lull choke voltayi 
acts across the electrodes of ilu 
ftuorcHcnt lube which, in turn 
accelerates ih^ moving electrons 
The vclrHfiiy of ihc electron* is in 
creased «o much as lo release shor 
ullraviolel rays hy collisions wit) 
mercury vap<»urs. Wherever, thi 
radiation strikes the phosphor coal 
ing of the tube, fluorc.scciwc take 
phcc with Ihc siibscqucnl release o 
brilliant white light in the visihh 
region of the spectrum. 

Now when the electrodes have no 
been heated by any outside mean 
(due lo the disconnection of starter! 
the electrons arc knocked o(T tlu 
electrode* hy the bombardment o 
mercury ions. These developments 
from the instant the circuit is activi 
sad to the production of light, lak< 
place within a second or two. 

The light from a fluorescent lubt 
depends on the number of electron 
(Confinued on pogt 567 
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Believe it or not 


T he wasp, Sphex, is a 
one track minded animal 
and likes to slick to one 
routine Tor life! During egg- 
laying season Sphex behaves 
in a very peculiar way. U 
would kill a caterpillar and 
drag it to its burrow which 
it had prepared previously 
ncticulously. It drops the caterpillar at the door, goes 
nside the burrow to check if everything is alright inside, 
rhen it comes out and takes (he caterpillar inside. 

However, just as it goes inside the burrow, you 
emove the caterpillar away at a distance. It will come 
)Ut and search for the insect. The wasp wilt drag (he 
nsect lo the burrow gate,and will go inside the burrow 
iguin to check. The caterpillar is taken in only after 
iverything is alright inside. However, if you drag 
iway the insect again, the wasp will repeat the whole 
irocess. just like a programmed computer, the wasp 
vill drag the insect, leave it at (he door, go inside 
ind (hen will come out to take the caterpillar in. You 
an remove the insect as many times as you care. The 
vasp will not falter in iu routine! 


I F two plates of ordioi 
glass which have be 
polished and ground perfe 
ly flat are brought togeth 
these will stick to each oti 
as if glued together. E 
unpolished and ungrou 
glass plates will not stick 
all. This happens due to t 
force of cohesion—the foi 
with which like atoms attract each other. Within 
given solid these forces are very large and that Is w 
we cannot tear the solids apart, at least, easily. 

When ordinary glass plates are brought in contt 
with each other, (here are only a few points of conlt 
between the (wo plates due to irregularities in t 
surfaces of the {Hates. The force of cohesion is th 
small and the two plates do no( stick to each uthi 
On the other hand, when these plates are clean, pu 
shed and ground flat, the points of contact increr 
tremendously. The cohesive force becomes very lar 
and the plates stick together. Thus, two high gra 
gauge blocks will slick and cohere if brought in 
contact. These can only be taken apart with consideral 
force. 





A crystal of metal Tin 
criex when subjected 
to a force. This is the well- 
known phenomenon of Tin 
cry and is caused by (he 
process of slip. When the 
crystal is subjected to plastic 
deforinatjon. the crystal is 


leformed. This deformation occurs by a Riding or a 
hearing action on certain planes within the crystal and 
s called a slip process. During this slip process (he 
;liding or shearing occurs by distinct movement on 
>lanes. This movement is often heard, particularly, 
n the case of Tin crystals, and is termed as Tin cry. 



S PINACH dies if not trim* 
med regularly. The re¬ 
productive parts of spinach 
must be trimmed and re¬ 
moved regularly in order to 
avoid death of the plant. In 
fact, aging and eventual 
death of spinach can be 
postponed indeflnilely inthis 
manner. 



A S we grow old: O 
height decreases^ 
60, we lose about 1.1 ci 
Our brain loses weight ea 
year Our nose and e 
get stiffer each year. O 
chest becomes more rigi 
Our weight loss at 90 
about 13.5 kg. Our air inta 


at 75 is only half of what we inhale at the age of 20. 

^HE children of she 



T' 

J. parents are usually U 
ler than either of them. C 
the other hand, the childn 
of tail parents are short 
than either of the pareni 
This is known as the Law 
Filial Regression and w 
given by Sir F. Oalton. 
holds remarkably well 
most of the cases. 

M.H. Kh> 
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Sodar—acoustic waves 
that detect atmospheric variations 


S C It* N T (S’l S t he it i nc itv n i h 

venUiry nitributcJ (he long per* 
i»(jng cchii ul* a he:ird on vonic 
o^y diiy 1 <> llic fltHVukui nature ol* 
he iilmosphcre. In 1946. ncouslic 
choesofan unexpccicdhigh inicnsiiy 
roni the kmcr uimuspherc were lirsi 
elected. In the mid I9ft0'sihc poten* 
ial use of (he ncouNtic scattered in- 
insity from the atmo^^pheric flue* 
knition» of the wind velocity and 
;mperature was rediscovered. It 
howed (hat ac(^ustic echoes from 
imospheric mhomogencitics can 
e readily obtained and studied to 
live information about atmospheric 
111 rameters. 

The sound beam on passing from 
I quiescent medkim into a region of 
urbuleitce is scattered in all direc- 
ions with random fluctuations in 
tmpJilude. phase and frequency of 
he wave. The phenomenon results 
Jue to interaction of the velocity 
!teld of the acoustk waves with the 
velocity licid (of the turbulence and 
ihe random spatial) and temporal 
variations in (he physical properties 
Df the medium. Scattering in the 
backward direction, i.e.. at the .scat¬ 
tering angle of IbO degrees, is umI> 
iue to inhomogcneities in tempera¬ 
ture. while in any other direction biUh 
thermal and wind fluctuations coniik 
biite 10 scattering of acoustic waves. 

monosutic or codocated system 
thus gives information of (he thermal 
in homogeneities In the atmosphere 
while Doppler shift measurements 


give inforniiiiiiMi iihi>iJ( Ihe wind 
p;ir.imcicr. 

I he device for detection and rang- 
ing of almo^phcre inhomogciHriiicN 
living MHind wavev have been given 
the name of MHlar in a manner ana* 
logouv to radar. A |>ulvcd narrow 
beam of sound waves is transmitted 

into Ihe atmosphere where it encoun¬ 
ters at mospher ic i nin >mogcnc i I le 
and suffers partial relleciion. 1 he 
reflecteil waves are received either hy 
the same transducer (monoslatic) or 
by one or nu>rc oihci transducers 
fhistalie and niufiisiaiic) I ht delay 
time aiKl intensity aa* mca.vured with 
each echo scan in the form of in ten¬ 
sity nu alula I ion on a sweep recorder 
of (he iMCsimile type displaying height 
range versus nine pictures, while the 
shift in (he carrier frequency is de¬ 
tected hy a suitahtc IX>ppler system. 

Sodar essentially locates and mca* 
iiures the Intensity of thermal and 
'velocity inhomogcneities in the 
atmosphere an inforniatioit which 



SOOAH 


I in. t T lir m'Wh>si»nr s«iiip fiK 

cun he used to infer and deU'irni 
utnu»spheric pnvecsscs and histoi 
The technique can provide Uvd 
and continuous measurements of I 
state of (he boundaiy layer rieu 
rology of the lower aimovpiu 
under dear, cloudy and fog 
i'<mdilionv a study which can 
useful for communication, aviaik 
and *iir pollution siiuaii«>ns, 
laci. it is ixm being realised Ih 
many cases of short landing ai 
rtiissed approaches Icadinii soineiim 
to fatal crashes can be (he result 
sirong wind shear or ducting, ci 
within the first few hundred meU 
above ground, Tlie*c pa/ameu 
can be delected and me.isurcd ine 
pensively with the help if* sod 
fiiiiMiy. 

The range of $c»dar is genera 
about a kilometer but cart be c 
icndetl iipto 10 km. The parametc 
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lat most frextuently influence the 
suits in a sodar are the metcorolo* 
cal conditions, location (urban or 
iral), antenna characteristics (like 
lin. beam width and side lobe sufv 
^ession), carrier frequency and 
list acoustic power, etc. The in- 
nsity of the sound waves, besides 
;ing ultenuaicd by the path bending 
id stray scattering, is inversely 
'oportional to the square of the 
stance Because the ambient noise 
asks the received signal, the latter 
as always to be higher than the am¬ 
ent noise. The interfering sound 
)urces also limit the usability of the 
»dar. It is nol possible to operate 
le system in (he near vicinity of 
mlilation fans and other noisy 
^uipment and under conditions of 
rerflying aircraft, high winds 
id rain or snowfall. To extend the 
mge. It is necessary to use a more 
tense source and combat the am¬ 
ent noise as far as possible. 

A medium power co-located soun- 
^r system upio an altitude of 200 m 
ling a cross-array, a*, the tnnsmit- 
r. and a paraboloidal bowl with 
krophone at its focus, as the recci- 
!r. was established at National Phy¬ 


sical Laboratory. New Delhi in early 
1972. The recording was made on 
a photographic film from the C*scan 
display on an oscilloscope. This 
back scattering sodar system in the 
monosutk m<^e is now capable of 
probing the thermal structure of the 


T he Regional Research Labo¬ 
ratory (RRL). Jammu, 
has developed know how for the 
utilisation of huge quantities of 
pine needles produced in forests 
of Jammu and Kashmir (JdtK) 
and Himachal Pradesh (HP). The 
pine needles are the leaves of 
pine trees aod are shed off annually. 
The annual turnover of these needles 
amount to nearly 2.7 million tonnes 
from the states of JAK and HP. 
The estimated avenge of fallen 
leaves per KecUre per year amounts 

W 


tower atmosphere upto an altitude 
350 metres. 

Facsimile records obtained duri 
the course of the experiments ht 
cleariy shown the typical slntifi 
laminated structures formed durinj 
night of radiative cooling; them 
plume structure formed on a ck 
bright sunny day and the tempo 
variations: and inslablities and turt 
lence structure of the lower atmc 
phere throughout the day. Th< 
obvervadons have aroused consit 
rablc interest, not only in defence t 
also in the department of meteorolo 
and civil aviation, because of th 
potential importance in predicii 
the formation of ducts ind (he de> 
lopment of wind shear in the Ion 
atmosphere. Further work to < 
tend the range of probing to o 
kilometer and to create the fact I i 
of acoustic Doppler sodar is und 
progress. 

S.P. StNG^ 
Sdt'n/isr, N.P. 

Hiihidif roo 

NewDefhi-nW} 


to a tonne. The leaves are present 
not being used for any commerci 
purpose and, therefore, form pili 
of leaves which gradually drcompoi 
and mix in soil. In approachab 
forests of the two states alone, 
collecrion of needles to the extent i 
only 5 per cent of the annuat fall w 
amount to 1,35.000 tonnes (7S.0( 
tonnes in J & K and 60.000 in HP 
The technology developed for tl 
utilisation of this natural weali 
which until now is untapped will I 
definitely useful in terms of cconom: 


Technology developed for 
pine needles 


.7kNC£ RCPORTEH 


NOVRMMR ir 





SCIENCE IN INDU.STK^ 


liability of ncv> produce and 
nploymtnc opportunity to people, 
he process for the uiilisaiion of 
%dles will help make two very 
iporUni materials, i.e.. 5bre board 
litable for making boxes; und pine 
ool for slufhng of mattresso, 
isbiuns, furnitures, etc. and packing 
*ockery. gla&sware and other break- 
hk articles. 

The technology for making hbre 

simple and economical This con* 
sCs of a softening treat meiii of 
eedles fo I lowed by dc fi bra tio n The 
\jlp thus formed is convened into a 
leet or mat and compressed in .1 
ydfttulic press The output of pro- 
:sscd product 0 50 to 60 per cent 
epending upon the quality of raw 
laicrial. The libre board formed 
howsconsiderabte strength (modulus 


of rupture 225'2tK) kg/cm*. tenule 
strengt h 12 5' 150 k g/c ni< The hoa rd 

ran he treated for waicr pro<dirig 
The water prmd'tihre board is ^unable 
for fruit transport. The J & K and 
HP Iscing the major apple priiduc 
mg ureu^ of our country require u 
large number o( puckmg boxes 
annually. The rcquirencms r>f J A 
K aPuve is about 25 lakhs twacs and 
that of HP about H6 lakhs annuAlly. 
Tlie pecking boxes designed by the 
RRI can wiihslanJ a sinitc loud of 
one tonne when full) fMCked 
The esiimuted capacity of 2 tonnc' 
capiKity pJani is K5t> packing cnscs 
a day. Hor the reasons of economy 
I he unit should be set up at site, 
where raw materials arc easily uvuila 
hic 1 he capital investment required 
is Rs lO lakhx with annual profit 


of Ks. :)6 lakhs 1 lie Cl*Nt 0 
production of fibic luKird is csM'nah^ 
lo t'c .ihoat 5.' p.iisa pc* sq Ij ,u>. 
that ol a packoij’ l*.»s nl .'o \ 
capacity Rs >4 sn 1 Ik 
requircin.riit .\f iJCcd(;'s lis a inu?K 
capacity plant tsU^ii r ^v,n 

Hie know how lui poi,* jii. <0.1; 
s.qtcniny ir>„'il;o<At >h iic.\|lc' In How 
e*l by sep;oation jihics I lie | l or 

and lUicluncTS ic^jUNcd jor tiu 

purpose jrc indiiicinosK available 
The cslmti-tcd ,»>\t i! piiHtiKliori o 

pmc wool.. i' Mki pci Ionia 

Old a pl.or. -A om f uio p. p 
capaniy a dj t.iw* aboiil Ks 2 
lakhs 1 he know how IS availahli 
for sate wilh ihe regional Kcscarvl 
LaborHiory. Canal Road, Jammu 
Tawi 

/.KKK ImaIi 


hurl her reeding 

I Burdush, John I .. Ryihcr, Johr 
H. und Mcierhey. Willey 0. 
Aquacuhure. the fartmnf^ am 
hustumJry of jresh wafer am 
wurirre Wiley Inter 

scierKe. A Division of Johi 
Wiley A, Sons. Inc., U.S.A. 

2. Pillay.T.V.R. (td.), Cno.r/j/a^wa 
cuf/urc in the tndo-Pacific Region 
Fishery RcMiurce Division. Dept 
of Fisheries, FAO, Rome. 1ial\ 
Fishing News Books Ltd. 

2, Prawn fisheries of India. Bulteti 
No. i4. Central Murine Firhcrie 
Res. Institute. August 1969. 


BRAWNS {Conlimitd from /wge 542) 

koDOfflieti and coocluilon 
The economics of shrimp culture 
lepeads upon the balance between 
:ort of production <md the market 
alue of the product. In Japan, with 
dl (he technological advancement and 
success achieved in shrimp culture, 
he price is not less than S 6/kg. 
fhe cultured shrimp has to face 
urther competition in the market with 
he natural production. However, in 
lapan there is a large local demand 
md preference is given to cultured 
dirimps for the popular dish ‘Tempu* 
a* in which only living prawns art 
iscd for immediate cooking. 


In countries like India, cultured 
shrimps will not face any problem 
as much of the product will be cx* 
ported. However, lo make the busi¬ 
ness profitable the final product 
should be cheap. This can be achieved 
by introducing cheap supplementary 
food. The food conversion efficiency 
in shrimps is possibly greater in 
tropical waters. The intensive shrimp 
culture in India will be a highly 
promiMng proposition to earn more 
foreign exchange, to meet our local 
food requirements and to providcour 
people with more employment oppor¬ 
tunities. 


iiClENCE FOR THE YOUNG (Continued from p<^€ 562) 


present in the tube at the moment 
vhen the choke voltage acts across 
he eiecrodcs of the fluorescent tube. 
This is because they are the electrons 
which collide with mercury to release 
he required ultraviolel light 


Suppose electrons are not produ¬ 
ced in an appreciable amount at that 
moment for producing the needed 
arc. no illumination would follow. 
The whole operation then restarts. 
That's wny fluorescent lamp is some* 


times seen flickering in the beginnin 
because of (he repetition of the abo> 
process. Once light is emitted tf 
starter, which till then played a vit 
role, becomes an inactive element 1 
(he circuit. 

Dilip M. Sah 
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.DVANCED PkACnCAL ORGA¬ 
NIC CHEMISTRY by i.L. Norvla. 
u/fon Chand and Sons, Amir Chandu 
4arg (Nai Sarak). Delhi-b. Pp. 380. 
la. 9 00. 

O RGANIC chemistry is a rapidly 
expanding subject and it is 
ifficull for a single organic chemist 
> be famiNar with (he recent develop* 
tents in the field. Practical organic 
hemislry is more difficult as one 
as to read theory as well as insiru- 
leniation The material available 
n practical organic chemistry so 
ir is stereotype and normally fails 
> provide a clear understanding 
f the subject to (he students. The 
esult is that the student lacks confi* 
ence, necessary aptitude and 
ompetence for practical work which 
i extremely necesury to understand 
he theory 

The book under review is an 
ttempt to bridge the gap and 
ummerisc in a single volume the 
sboratory course for the under* 
raduate (Hons.) and posigraduate 
tudenU. The author, who has been 
teacher of organic chemistry 
or a long time, has tried to provide 
eliable survey of the techniques and 
methods involved in purification, 
haracterisation, identification, esti- 
nation and synthesis of organic 
ompounds. The book aims to 
levelop in a budding chemist a clear 
indrrstanding of reaction and 
ynthesis which will enable him to 
elect reasonable conditions for any 
raDSformation he may wish to carry 
>ut in future. 

The subject matter of the book is 
iivided into six parts. The Part I 
leais with the techniques of organic 
aboratory processes. Determination 
)f various physical constants of 


organic eompoufids and tbe insport* 
•Dce of these conitanis in characaerisa* 
tion of organic compounds have been 
discussed in Part H, while Part 111 
contains reactions of functional 
groups and formation of derivatives 
of the various dasacs of organic 
compounds. Quantitative analysis 
is the subject matter of Part IV. 
Scmi*nsicro methods of quantiutive 
organic analysis applM to the 
estimation of the constituent elements 
in organic compounds, the functional 
group or groups present and the 
determinatioo of molecular weights 
of organic compounds have been 
included in this part. Part V con¬ 
tains preparations of the different 
organic compounds whereas the last, 
part IV, deals with various types of 
instruments and the principles involv' 
ed m the organic analyses 

In addition to this, there are re¬ 
ferences for advanced reading. 
In appendix, densities and boiling 
points of common liquid qrpnic 
compounds, synthetic sequences and 
preparation of common laboratory 
reagents are given. The printing, 
layout and getup of the book is 
satisfactory. Had there been tests 
for elements and functional groups 
at one place in a tabular fonn, so that 
a student could consult and do his 
practical work simultaneously, tbe 
book would have been more useful. 
Anyway, the book will indeed be well 
accepted by tbe readers and fulfil 
the aim it is intended for. 

Pradeep Kumar 

THE 1NV1SIU.E UNIVERSE: THE 
STORY OF RADIO ASTRONOMY 
by Gerrit L. Verschuur. Springs 
Vertag. Heidelberger Ptatz 3, D-1000, 
Berlin 33, Oermany. Pp. 192, DM 
15. 40 (US S 6.30) 

HIS is one of the finest, most 
lucidly written non-mathematical 
texts on radio astronomy which this 
reviewer has had the privileie of 
studying. Written by a member of 
(he Fiske Planetarium. DepC. of 
Aitro-geopbysics of the University 


of Colorado, it presents in less tbi 
200 pages a peoetratinf picture < 
tbe counk space around us whu 
abound in plazkeU, exfdoding itai 
galaxies, quasars aftd pulsars. Tbe 
astral Ejects, their moveioents ai 
their composition, are difficult 
comprehend normally and require 
fairly high knowledge of i^iysks at 
astronomy. The author, howev< 
has presenled a story in sim^ at 
succinct language with considerab 
accuracy (hat it becomes a pleasure 
read and follow what happens 
(he universe around us. The wbc 
uJe is about a science bom in the mi 
20th century and now beginning 
ftniirish with dramatic discoveri 
of objects and phenomena unkno* 
a decade ago. 

This science of radio aitronom 
which is throwing out something n< 
and unknown virtually every da 
is quite young and nascent as bon 
out by a number of obaervatior 
Thus it was only in the first third 
this century that man realised that li 
Milky Way was but one of mai 
galaxies in the universe and that il 
space between tbe stars was f 
from being empty. In fact, the pi 
sence of hydrogen gas between C 
stars was revealed by this seknee on 
as late as 1951, while quasars we 
discovered, in 1963, pulsan in I9i 
and the first triatomk molecules 
space in 1968. 

Tbe author explains the \m 
ekmeoU of radio signals from spu 
bow they are picked up, the natu 
of radio telescopes and their gener 
functions. In fact the latter aspe 
forms tbe frameweork on whkh th 
work is based. Here the auth 
weaves his story from tbe ear 
work of Karl jansky in 1933 at 
the radio amateur or 'ham*, Gro 
Reber of Illinois, to the setting \ 
of the famous radio telescope 
Jodrell Bank in Maochesler tod tl 
U.S. National Radio AxtroocHi 
Observatory's high-accuracy ilee 
able t desc opc in Greea Ban' 
West Virginia. 

Begioning with the radio mappii 
of the suo and an explaaatioo of tl 
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iHoos f^ar pbeoomeiia, (he author 
ueee on to the planeti stRssiog the 
tamcfertstks of Japitet and Venus 
id explaioiog the severaJ processes 
lat are operative in the solar iys> 
o such as those hi the Milky Way. 
be SuD is but one of many hun- 
reds of thousands of miOions of 
an in the Milky Way Galaxy, and 
lere are thousands of millions of 
iJaxics in the universe. The centre of 
le Mitky Way ties about 30.000 li^t 
lars (283.800 million million km) 
way in the direction of the constel* 
tion Sagittarius, but is invisible to 
ptical tdescopes because of the 
lormous amounts of abicuhng 
AteriaS that lie in the direct path 
t vision. Radio waves, however, 
in penetrate this medium freely 
lid through radio aatronomy it is 
(Msiblc to study this galactic centre 
nd' even distances beyond. 

Interesting highlights thrown out 
'om this study are such as the deter- 
linatiofi of the radius of the Milky 
fay as nearly 30,000 light yean; 
re presence of hydrogen clouds and 
molecule (hydroxyl) and the exis- 
mce of other substances in inters- 
Jlar space like cyanogen, carbon 
lonoxide. fomik add, etc; the 
ature of exploding galaxies and the 
tost srgnifkant of them ail, the eni- 
na of quasan, pulsars andtheneu- 
on stars. An imaginative journey 
ito space which the author discusses 
. wd^ a detailed reading. When 
ne comes to these objects, specula- 
on about the universe becomes a 
liking subject and this is how the 
tni rounds up with a peep into that 
intaatk question: Does life or 
ivilisatimi exist elsewhere in the 
Diverse or are we unique on Earth? 

It is a pity that the author, in 
b cri)terwiie interesting work, has 
mined to elucidate the phenomenon 
f ^k boles*, tod in describing 
ariottf radio telescopes of the worid 
eeriooked the one put up by T1FR 


at Ooty where signihcant contribu¬ 
tions are being made. 

S.K. GHASW4LA 
90. M. Kofvt Rood 
Bcinba)h4000}0 


THE FlLAMErfTOUS FUNGl^ 
VOL. I INDUSTRIAL MYCOLOGY 
edited by John E. Smith and David 
R. Berry. Edward Amo/d {Pubfishers) 
Ud.. 1975. Pp. xii4340. £12.50. 

F ungi are showing an Increasing 
impact on the applied aspects, 
not only in the production of ako- 
holjc beverages, products of organic 
origin like citric add. gluconic acid, 
antibiotics etc., but also such 6eldi as 
p^luiion. flavour biosynthesis, etc. 
Recent advances in radiation genetics, 
biochemistry and physiology of fungi* 
have led to an increase in the exploita¬ 
tion of fungi for industrial, use. The 
book is very useful to students of in¬ 
dustrial Mycology and such person¬ 
nel who art directly involved in the 
pharmaceutical chemicals and food 
industries. The book is divided into 
16 Chapters, each written by a specia¬ 
list in that Add. Chaplerx 1-6 deal 
with the structure and development, 
environmental control, metabolism, 
strain improvement, growth kinetics 
and historical devdopmeot of fungal 
fennentation industry. The latter 
empbasiaes that long bdore the 
advent of antibiotics, the funpl 
industry was in existence as is evi¬ 
dent from cheese production, koji 
ptx)ce$s and the manufacture of gallic 
add which b used in tanning and 
printing induftry. Chapter 1 deals 
with cooimercially important secon¬ 
dary aetabolites, some ^ which are 
griseoltilvili, gibberrilins, etc. Chapter 
8 describes the ^oductioo of different 
orpnic adds like ^uconb, citric, 
itaconic add ud other niseditaeous 
orguk adds. Tranafomation of 
organic compounds by fungi is the 


content of Chapter 9. Certaij 
chemical compounds when added u 
speci6c microbial cuUures undergo 
a specific modification. This ha 
led to transformation of steroid 
and some antibiotics and the chaple 
describes very neatly the intricxcie 
of the proceses involved at the biolo 
gkal and biochemical level. Som' 
fungi produce enzymes like amylase 
pectinase. protease, ccllulase, etc 
Chapter 10 describes the industria 
enzyme production and its import 
ance in food industry. Edible mush 
rooms are considered to be a delicacy 
In many countries consumption o 
mushrooms is increasing steadily 
Chapter 11 deals with the cullivatioi 
of Agaricus and other edible mush 
rooms and the present status c 
mushrooms industry with future prot 
peels. Chapter 12 describes th 
submerged culture production c 
mycelial biomass which could h 
used for two specific purposes—flrsi 
for using it as a flavouring agent an 
the second, for the production c 
proteins for human consumptior 
Chapter 13 is devoted to orienu 
food fermentations where preparaiio 
of soya sauce, koji, Chinese cheei 
have been dealt with. Chapter I 
deals with the industrial exploitatio. 
of ergot fungi. Ergot alkaloids have. 
wide range of activity like central an< 
sympathetic nervous stimulation, di 
rect action on smooth muscle (uterus 
arteriole wall) and production of by 
pertension. vomiting, etc. The Chap 
ter-ileacribes the principles and (h 
problems inve^ved with the fungu 
Claviceps purpurea^ a represenlativ 
of ergot fungi. Chapter 15 deal 
with biodeterioration and biodegrs 
dation by fungi. The book refei 
to the latest seientifle flndirtj 
which are incliKled in a referenc 
list at the end of each chapter. 

Ajit K. Mishr 
Prefyssor of Microbiohg 
Bo 9€ iHstitute, Calcuitrh 
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Where the 
Pioneers have left 


The key nature of alchemists role 
in laying the foundations of 
modern science, may be judged 
from only a partial list of basic 
scientific tools, associated with 
their names. 

Chemistry had its origin in the 
laboratories of the alchemists. 
Alchemy eventually expired 


under the impact of science, but 
its tools and procedures were 
taken over by the scientists in 
the modern world, to utili2e 
them for extending the basic 
discoveries still further and 
bringing them closer to the 
common man. 


s 


/ 

y> 



SARABHAI M. CHEMICALS 

Where scientific tradition of ingenuity never dies. 




















COUNCIL OF SCIENTIFIC & INDUSTRIAL RESEARCH 


ADVERTISEMENT NO. 2/7A 

It is proposed to appoint two Scientisu *F (Deputy Director) for the Centrai Drug Research Insti¬ 
tute, Lucknow. 

4 

Poet I: Job Requlrcmeots 

(j) To provide high level leadership for the overall planning and execution of multi-disciplinary 
research and development programmes in the field of drugs, both of natural and ^.ynihctic origin; and 
(ii) to coordinate the work of the medicinal chemists with that of bio-medical disciplinesand R&O teams. 

QuallAcatlooi: 

The candidate should possess high academic qualifications in Organic or Pharmaceutical Che¬ 
mistry with at least 5 years experience in Natural Product and Synthetic Chemistry with special reference 
to drug research and development and should be a recognized scieniisi in the held. He should have 
proven ability in guidance and management of research teams. 

Post 11: Job Requlreneots: 

It is a very senior research post in thcarcaofFermematron Technology and Industrial Microbiology. 
The scientist will be required to provide high level leadership and planning in this held. He will have 
to liaise with industry, identify problems in the area and plan and execute RitD projects. He should be 
able to coordinate the research and development activities of the group with the national plans. 

(^auricactona 

High academic qualifications in industrial microbiology or chemical microbiology or chemical tech¬ 
nology with at least 5 years R R D experience in the held with proven ability to plan and guide fermenu- 
lion/antibiotics research and development programmes and with experience of preparation of feasibility 
and project reports. He should have sound knowledge of the status of the fermentation based on phar¬ 
maceutical industry and should be a recognised authority in the held. 

The selected candidates should be able to command the confidence of researchers in their respective 
fields and (he industry concerned and be able administrators and image builders to the Institute. 

Age Limit: 

Below 50 years, relaxable in exceptional cases. 

Salary/CoodiHona of Service: 

The salary scale attached to the posts is Rs. 2000-125/2-2500. Initial pay will be fixed according to 
meiiu. The persons selected will be appointed on contract fora period of six years, which would be con¬ 
firmed after an initial period of two years of satisfactory service. Other conditions of contract will be 
supplied on request. 

ScientistsyTechoologisls interested may obtain a standard proforma for sending their curriculum vitae 
from the Chief (Administration), COUNCIL OF SCIENTIFIC AND INDUSTRIAL RESEARCH, 
RAFI MARC, NEW DELHl-l lOOOt. They can also obtain a brochure on the aims and objects and the 
latest annual report of the Institute. Completed curriculum vitae proforma must reach this office on 
or before 27th March, 1976. 

Cenvassing in oty form rndfor bringing in my poiidcaJ or otherwise, will be treated as a 

disquailfication for the post. 
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contributors 


# SCIENCE EEPORTES welcomet Aftklcs of «t«orbm| intemt w icieM end lecboology. Contributioot 
published in Ihe Jourot] will be ptid for. 

% Articlei should be sent to the Editor. SCIENCE REPORTEE. CSIR. Ref) Merg. New Ddhi-JlOOOI. 

# The form end menner of presentetion of the lubrect should be eesily understendebk to the undergraduele 
level. 

• The length of the ertkle. written exclusively for the Joumel. mey be about 2X0 words. 

• The matter should be typewritten, double space on one side of the paper; the originet end a carbon copy 
are to be sent. 

^ The article should preferably be illustrated; captions and legends typed separately and attached at ihe end of 
the article. Photo|raphs should be on glossy paper. 

% While quoting names of scientists, etc., their initials, nationalities and periods of research under reference 
should invariably be mentioned. All weights and ■eaiursf sboald he glvea la Metric Dalta. 

• A short note about the contributor should alio accompany the article. The note should contain age. 
academic accomplishments, importarh assignments held, fields of research and hobbies. 

# Articles or ilJustralions published in the Journal can be reproduced with permission of the Editor. 

% The Editor reserves Ihe right to reject even invited articles without assigning any reason. 
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LETTERS 


Mushroocm Oct, 75) 

Sir, Mushroom soups snd stews 
ive been popular dishes for a long 
me. They can be used in the prepa* 
tion of Puhv, dry or curried dishes 
Id vegcuhles like cabbage and 
uliflower. Mushroom pickles are 
so gaming popularity these days. 
Spawn bottles can be obtained 
dm the toMo wing against payment: 

1. Voivariefta Mr- T-K. Aya- 
fimy. Blue Hill farms. Coimbatore* 
>1040. 

2. Agaticus hisporus. Head. Deptt. 
Botany 8c Plant Pathology, Agri- 

Itural Complex, Solan. Himachal 
adesh. 

Artificial manure is prepared by 
mposting wheat straw (preferably 
opped into S-B cm long pieces) 
dng with a few chemicals: 

Wheat straw: 30 bundles (average 
wt. ^10 kg/bundle) 

Wheat bran: 30 kg 
Super phosphate: 9 kg 
Ammonium sulphate: 9 kg 
Urea: A kg 
Gypsum: 25 kg 

Urea, superphosphate and ammo* 
urn sulphate are mixed with the wet 
w dust and kept overnight which 
rips in uniform mixing with the 
aier-soakcd wheat bran and straw 
c following day. The complete mix- 
ire is staked or heaped in a recian- 
liar shape (183 cm long and 122 cm 
gh. which may come to about 91.5 to 
12 cm wide). On the 8th or lOlh day 
e heap is rebuilt by cutting from 
dr (part by pan) and spreading oo 
e ground after mixing gypsum. 
Regular watering is necessary to 
mid drying. During composting 


the temperature rises, hence the heap 
should be broken and rebuilt as 
mentioned above, before the tem¬ 
perature in the centre reaches 
72''C. This may be required to be 
done in 3-4 days. The compost is 
ready in 3-4 weeks when the ammo¬ 
nia smell is not perceptible. Later, 
it is advisable to pasteurise the com¬ 
post by putting it in a steam healed 
room (temp- upio 47.5X) for about 
2 days before filling into the trays 
for cultivation. 

N.S. Singh 
Fruit d Keg- Tech, Disc, 
CFTF/, U/scrC'/J 

Seieace A Technology Filn Ceatre 

Sir. Despite all the efforts of 
Government, many colleges and 
universities lack the latest and sophis¬ 
ticated scientific equipment. The 
reasons are: {)) mass expansion of 
educational institutions, (2) rising 
cost of equipment, and <3) lack of 
proper accommodation. 

No college or university can have 
the full range of apparatus in chosen 
fields as science and technology 
is expanding at a rapid speed. 
The complaint often made by 
many colleges is lack of equipment. 
The soltitii^ to this problem is to 
use mass media like 'films* on science 
and technological subjects. 

Subject-wise sdentific and technical 
films (Ifi mm) can be produced 
and loaned to colleges and univer¬ 
sities. Organisations like CSIR. 
UGC, etc., can set up 'Scientific and 
Technological Film Centre* at a 
place in the heart of the country. 
They can loan films to ct^leges and 
universities. Of course, we are 
now having general films on subjects 
like sound, electricity, etc. But 
what we need is films on special 
subjects like (1) nitrogen cyde, 

(2) (he cumbustioA process, (3) lasen, 
(4) mass spectrograph, and (5) elec¬ 
tron microscope, etc. Also films 
can be produced on the work carried 
out by laboratories under CSIR, 
ICAR. ICMR, BARC and oo 
research institutes like IITs, TIFR, 
BITS. etc. 


By seeing these films (with sou: 
track and explanation) a student c 
have first hand information on t 
latest equipment and the subjo 
Wherever possible, the commenta 
in the film should be by a reput 
scientist on the subject. These o 
be distributed throughout the cou 
try. The colleges and universiti 
seeking these films can bear II 
freight charges. To start with, 
copies on each subject can be pr 
duced. The advantages are: 

(1) The student gets first hat 
information on the latest develo; 
mem in the subject and equipment 

(2) The films can be sent to evei 
nook and corner; 

(3) Teachers in colleges may n* 
be proficient in all subjects. Hei 
the students will have the advantai 
of hearing from an authority on tf 
subjea, which they will appreciai 
more; and 

(4) They will inspire the your 
Students to emulate the grei 
scientists. 

In this connection the possibilil 
of coUaboralion with countries lik 
the U.S.A. or Britain may I 
explored. 

We should also use 'radio*—anothi 
important mass media for this pu 
pose. Our motto should be: Scient 
to serve society. Society to suppoi 
science. 

A. Jaoadees 

Nei/ore, A.i 

Mer cur y*a period of rendotko 

Sir. The period in which Mercut 
completes one revolution around r 
axis is given as 88 days by M. F 
Khan (5.J?-, Oct. 1975, p.505). Th 
is wrong. 2t was at one tin 
thought that Mercury was in locke 
rotation with sun. However, rads 
measurements have shown that Mei 
cury revolves around Its axis in aboi 
5^ days. The current accepted valu 
is 58.65 days. 

C.S.G. Pkasa 
Deputy Chief Ediu 
71kr Macmiilon Company, of Indi 

U<L. 2110. Ansofi Road, Daryagat\ 

New Delki-lIOOO. 


IlflllMlfal 

Sir» About by V.V.R. 

astry» (5.R. Sept, 1975) I would 
ke to ny that the biue i^fmeat 
itfi marine (fodimo-aluiumo-silico 
olphide, die formula ^ which has 
eeu eitablisfaed by Hofmaan aa 
ItMAIiSi^O^SJ is an artificial sub- 
Citiite for the precious natural pig- 
lent, lapis lazuli. 

Ultramariae has many shades and 
oloun and it is not restricted to 
lue alooe. The ccAom is associated 
ith the cooipoaitjoa and cMsdtution 
f the pifment This commercial 
lue ultramarine, when heated in 
current of fire, nitric oxide or 
ydropefl chloride (HCI), yields a 
kolet Of red ultramarioe. Cl is 
ossible to produce ultramarines of 
ifierent colours by the control of 
le technique. 

Mot Ahmed Ali 
F.G. f/ut- ^4 Raxrc 

ktedicei Scimcer 

Umw. c/ 

I do agree with Mr. Ali on the 
oint that ultiminariiie has many 
lades. In foct, comraercal ultra- 
larifie Mues are available rmngiiig 
t>m red shade blues to wty green 
lade Uues. Ultramarine is made by 
rotooged healmg at BOO*C of a 
lixture of caidaed kaolm, sodium 
ubooate, sulphur, sibea and resin, 
y vwyiagthe propoftiocaof raw 
Bleridt, the of the pigmeat 

in he varied firoo be^ht vk4et to 
luUi green. Though hu to li^it, 
eat and aUcali, uftramariDes are 
redily attactod by acids reeidting in 
■s of bine coloor. 

V.V.R. SAanv 
/ttf. ResanrcA B/nSateswer 

Thanks for the infonoadve and 
nerestiog artick Tatealigy dme- 
fed fw pke aaedhi by Zaka 
aam (5.it, Nov.. I97S). 

I want to add that a unit to produce 

lAKaiim 


fihrti from pine needles has been set 
up by an entrepreneur at Kainchi, 
Nainita] in U.P. It is possible to 
develop this industry on a cottag: 
scale in the entire northern hill belt. 
Capital investment required to sel up 
such a unit is not more than Rs. 5000. 

Anii K. Jain 
Deptt. <4 Bottmy 
K.L.D.A.W Coiietf- Boorket 

Pineapple k berrea soils 

Sir, Some 40.000 acres of former 
waste land in Jalpaiguri and Darjee¬ 
ling Disiricu of West Bengal, which 
had dehed til earlier attempts at 
conventional cultivation, have be¬ 
come hi^ly productive by planting 
pineapple. There must be many 
similar barrer) areas all over the 
country suitable for pineapple culti¬ 
vation and capable of yielding 
abundant harvests of this luscious 
fruit. 

M.C Philip 
i4. Jkowi^Jio Rood 
Ciftcuua^700207 

Ffoortsesut tube 

Sir, The article How Boorsaest 
lamp works by Dilip M. SaJwi 
<5.R.. Nov., 1975) was very informa¬ 
tive. I wish to add the following 
information to the article. 

<i) Frequent starting of the fluort- 
scent lamp decreases the life of 
the tube. If the fiuoresoent tube 
is switched on and off to the 
miiiifflun, its life will be longer 
than normal. 

<ii) The heat produced by a fluore¬ 
scent tube is four times less than 
that of a filament lamp for the 
same amount of light ^oduoed. 

R.K. Yadav 
4567, East Ghamapur 
Ja6a^ur-48200I 

Plaata and air poUutiM 

Sit, I read with inierest the article 


Pink as kdiculon of air poUkfo 
{S.R., Sept., 1975). Trie author ha 
made reference to the use c 
lichens for study of environments 
pollution. 1 would like to give, fo 
the benefit of your readers, sons 
useful refererKes for the sludy.o 
pollution by the use of lichens. Useo 
lichens in esiimatingair pollution hai 
been reviewed in a popular artkli 
•New tasks for lowly plants* by OX 
Gilbert (Ntw Scimisr. 1970. 4$ 
28S-289). and evaluation of tN 
pollution and draught hypothesis ir 
relation to lichens and bryophytes ir 
urban environment has been abJ) 
recorded by UBlanc and D.N 
Rao (Bryohpist. 1973,74, 1-19) 
A valuable publication Air Roitutioi 
and Uchtns has been broughi 
out in 1973 by the Univenity o: 
Toronto Press, Toronto, edited b) 
B.W. Ferry, M S. Baddelleyand D.L 
Hawks worth. This book contain: 
many interesting chapters written b] 
scientists who have ten doing goo< 
work in this field of study. 

In 1968, the First Eurupeao Con 
gress on the /nyTuewer of aif-poilutim 
on pianfs md mintaU wu held tl 
Wageningen, and the proceedings.o 
the Congress have ten published b) 
the Centre for A^icuhural Pubtishiiq 
and Documentation, Wagentn^a. 

No doubt, we have much scope fo 
interesting work to be doiB re tfai 
direction of plants and air pc^uUos 
in our country. 

S. Saniouu Subuauamas 
Fnf, of Ckmdotn 
JIFMER, Poodkkerr^ 



Sir, I have tea keeping a dom 
companionship with S.R. for the laa 
four years. As a scietkoe student,! 

find it useful for my career. 

I have a special attraction for thi 
iopk& published under the sectioi 
‘Science For The Young.' 1 an 
thankful to you for starting a nes 
hem 'Believe it or not*. I hope thi 

SClXNCIIDOra 


teitstmg item will con'ioue in 
I issues. 

I would be glad if you publish 
ossword puzzles regularly 

Nanda Kishorc Jena 
Depf. of Bcta/ty 
S.C.S. C<fl/ege.Furi (Ufkal) 

II 

Sin Thanks for publishing All 
tout explosives {S.R., Oc(., 1975). 1 
ad it with much interest. Will you 


please publish some articles on 
^Commun ieat ioo *? 

M. Nacanathan 
77^ Coiotty 
J^alpur 

III 

Sir. Please publish an article on 
the manufacture of tartaric acid from 
tamarind leaves and pulp. 

B.K. Chemicau 
Shakf^onj. Aurangabad 
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agnesia. iterpeniine and defluoronO. 
n-exchange resins, saw dust carbon, 
(fluoron-1. magnesia and serpentine 
d not prove useful beyond bench 

;Ue. 

A domestic defluoridation unit 
ss fabricated for use with defluo* 
n*L Pilot plant studies were 
rried out at Gangapur (Rajasthan), 
•ing carbion. To overcome the 
oblems faced with saw dust carbon. 
fluoroQ-l and carbion. a medium 
fluoron*2 was developed in 1968 
r removal of fluorides from drink- 
% water. Extensive trials with the 
^d^um. both on laboratory and in 
t field, have shown that it does 
11 sulTer from most of the h»ndleaps 
e some of the indigenous materials 
veloped earlier. Using defluo- 
n-2. I wo plants with a capacity to 
»ai 9lm‘ per regeneration were 
nailed at the Municipal Corpora^ 
»n, Nalgonda (A.P.) and Central 
aining Institute. Hyderabad. 
Though dcfluoron*2 process was 
ccessful in removing fluorides, the 
;enerat?on and maintenance of the 
ini required skilled operation 
lich may not be readily available 
rural areas. In order to overcome 
is problem, a new method has 
en developed by NEERI in 1973. 
le method has been named *"Nal 
ndu technique". It is simple and 


adaptable even by illilerala persons 
in villages. Incidentally, the cost of 
defluoridalion has also been brought 
down considerably. 

The new meihod involves in 
sifu precipitation of fluoride from 
water, and comprises addition in 
sequence of bleaching powder, lime 
and Alter alum to the fluoride water, 
followed by stirring for ten minutes 
and settling for *one hour. The 
quantity of alum required to be 
added depends upon the fluoride 
and atkaUnity of raw water. Lime 
hastens settlement of precipitates 
and bleaching powder ensures disin¬ 
fection. The dose of lime is 1/20- 
I/25th that of Alter alum. The 
fluorides in the treated water are 
reduced to about I mg F/1 when 
Che alkalinity of the raw water does 
not become limiting. Conditions 
comprising high fluoride and low 
alkalinity are not usual in India. If 
such conditions are encountered, 
the alkalinity of the water can be 
increased with lime. The technique 
can be used both for domestic as 
well as for community water 
suppi les. 

The Nalgonda technique has been 
tested extensively in the laboratory, 
model plant and pilot plant scale 

Oemanstratiens^ Tea ms have gone 
from village to village in Andhra 


fV 

# 

Sir. Thanks for the infomutii 
and interesting article AntiCraaf^pIrat 
redact water acedi la agricaltm t 
M.K. Sadhu (5.R.. Nov., 1975 
Kindly publish articles on (i)meios 
and recombination of genes, and (i 
histology o( root, stem azkd leaf. 

Bja Prakash Jaiswa 
Science Co//eg 
Patna, BUu 


Pradesh and Rajasthan demonstrai 
ing and explaining the process c 
defluoridalion. 

Technique for atum tablets pfi 
porarion. Table's are convenient ti 
handle and sdminister in villages 
The Andhra Pradesh Covemmen 
has taken keen interest to buy table 
making rrkachines for this purpose 
Tablet machines require power, sJdl 
led maintenance and expert super 
vision. To avoid these, a simplf 
technique for the preparation of alua 
tablets without resort to a machin 
wu developed. It does not requin 
machines or electriciry and involve 
addition of a little quantity of wate 
to raw alum and melting it. Thi 
melt is then poured into mould 
which arc either of wood or alka 
thene. Using these moulds, ove 
60,000 ublets in assorted sizes (5 t< 
50 g) were made. The moulds an 
cheap and yet long lasting and cei 
be made in villages. The (ablet 
can also be prepared in homes. 

Cost economics. On the basis o 
the held work and revised costs o 
cheiiucals. cost per cupita/annum ha 
been caculated at Rsi.86 to Rs. 2.00 

Enquiries at fended. I nformat ion oi 
the process has also been sought frorr 
Bangaladesh. Kenya, Tanzania 
Canada. Austniia and the U.S.A. 


|&^CF RF.PORTES 


134 


MARCH m 


PRASANTA CHOUDHARY 


Cryptography plays to important role in war and peace. A 
derice as aDcieol as civilization, it is receiving increased atten* 
ti<Mi in tUs age of fast coMBOiiicadoa 


[ N statecraft, whether during 

peace time or war secret 
ommunication plays an imporuni 
ok. One of the earlkat means 
dopted for sending secret menafri, 
s reported by Herodotus, the Oieek 
istonan of Sth century B.C.. con- 
isied In shaving the head of a slave 
nd inscribirtg a brief message on the 
;&1p; then to wait for a month or 
0 till the hair grew afresh and 
overed the inscribed message com- 
leicly. The slave was then sent to the 
erson concerned, who would pro- 
ced to shave oh* the hair and read the 
lessage inscribed on the scalp. 
*his method though crude and 
Timiiivc was nevertheless quite 
igcnious. No one. of course, would 
ream of employing such a method 
Dday bc(ausc of obvious diradvan* 
ngcs and limitations. 

!oQcealmeBt devices 
Secret communication, in genemJ, 
alls into three major classes: 
oncealment-dc vices, transposition 

iphers and substitution . ciphers. 
*he example cited above belongs to 
he class of concealmenl-devicti. 
)ne of the me si widely ured 
onccalmcnt-dcvices in the early 


days was the 'grille*. In this, 
a number of openings were made in 
a sheet of paper more or less in a 
linear pattern. This paper was then 
placed over another of identical 
shape and size, and the requisite 
message was written down through 
the openings. The next step was to 
(ramouflage the message by hlUng up 
gaps with words whk h on the whole 
made a cc4>crcni test. The person 
to whom the message was sent had 
an identical grille. He would, on 
receiving the message, proceed lo 
read it by $uperpe<sing it on the sh'et 
contiining ihc message through Ihe 
openings in it. 

Codes tod dphers 

Nowadayr cedes or ciphers, be¬ 
longing to transposition or substitu¬ 
tion class of cryptography, are used 
for sending secret messages. In 
codes, a pre'&rranged word is em¬ 
ployed to represent several words of 
the plain text or message. A pre¬ 


arranged word may also, in son 
cases, be employed for the who 
message. The vuriciy of message 
that can be sent in the coded fori 
is necessarily restricted. Thin is m 
the case with a cipher in which ar 
thought can be rent. Reading 
coded message, of course, requires 
code-book. Inspire of such limiti 
tions, codes hove some udvaniagi 
ever ciphers, A mi;«<,ngc can t 
rapidly encoded or decoded an 
needs less care. The bretiking of 
single message in c ipher gives tl 
key to the wh' (c system of ciphi 
that is being cmplcycd. This i 
however, not necessarily the case wii 
a code. 

t. Laffin. in his popular account • 
cryptography Code.\ and Cipffer 
mentions that Navy and Infantry u 
code and ciphers respectively. It 
interesting to note lhy( codc-hoo 
of warships are bound in lead so th 
they can sink easily when Ihrov 
overboard into the sea. 


hri Choudhury is SttiiuWan ai NaUonal Swnpk Survey Orranisaiioo. Cow. of India. Cak?uua-7h356 


ifktn mi tkdr chtracttriftk* 

In tno^wcition ciphers, ktters of 
le ploin text are merely rcenaafed 
scordifig to a given plan, so as to 
;t a text which appears as a succes* 
OR of letters devoid of an) sense 
ramung. For caample. if we write 
ich letter of the words of the 
fTf*g» COME AT FIVE m reverse 
rder. we get EMOC TA EVIF. 
hich appears quite meaaingless. 

In a substitution cipher, the letters 
r the plain teat are substituted by 
ther letters (which differ, in general, 
om the original letters), figures, 
'flibols or numerals. Julius Caesar 
credited with the discovery of a 
vy rudimentary type of substitution 
pher. All he did was to shift each 
r plain text three places down the 
phabet (explained Later). 

The aforesaid two instances illus- 
ate the principle involved in the two 
ain types of ciphers. In practice, 
food deal of complications are 
sfiberatefy introduced in the scheme 
r transposition or substitution as 
ic case may be. so as to make the 
s^iphering exceptionally difRcult 
;cept to those who have the clue 
r key. Sometimes a mixed type 
pher involvirig the both Iransposi- 
w and substitution systems is 
npioyed to a plain text message to 
ake the original message indecipher> 
>le except to the initiated. 

Perhaps the simplest type of trans> 
)silk>n ciphsr is the one known as 
tute transposition cipher. Suppose 
le message is I NEED REINFOR- 
EMENT !M MEDIATELY. We 
rite the message in the following 
^metrical pattern of an 8 x 4 
ctangulsr array, the 3 blanks re> 

-T 



**lliec9de m*a/ti the uS4 

lh4 otAef tank" 


iwamifig in the array being filled by 
Xs. Then we begin with the letter 
at the upper right hand comer, 
proceeding down and up cipher, 

T N E E D R E~ 
E MECROFN 
N T I M M E P I 
XXXYLETA 

as following: INIA TDFE ROEE 
LMRD ECMY XIEENMTX XNEI. 
Or writing in groups of five letters 
as is the custom, vig . 

IN CAT DFERO EELMR DECMY 
XIEEN MTXXN £1 
This cipher is easily solved and as 
such has little utility. Simple 
variations of the route irtniposiiion 
are possible, but we will not consider 
them here. 

Here is another simple type of 
transposition cipher known as 
Chinese cipher so-called because the 
message runs up and down as in 
Chinese. Consider the following 
message HAZARDOUS TO STAY 
HERE WE ARE GOING BACK 
NOW. By writing In a serpentine 
fashion this can be arranged into 
six columns of six words as follows: 

W G E T S H 
O O R A O A 
N I A Y T 2 

K N E H S A_ 

C G W E U R 
A B E R O D 


Now reading downwards each row 
of six letters, the cipher would read 
WGETSH OORAOA NIYATZ 
KNEHSA CGWEUR ABEROD 
Another simple type of transpoii* 
tion cipher is the vertical parallel 
cipher described below. Suppose (he 
plain text or message is MEETING 
ON TUESDAY. We write this 
message in two columns as follows: 

M N 
E T 
£ U 


T E 
I S 
jN D 
G A 
O Y 

The cipher mesage would then 
the following: 

MN ET EU TE IS ND OA 0 
or writing in groups of five, as is i 
custom in secr e t communication, 
would be: 

MNETE UTEIS NDOAO ' 

The ■hmiluUuu dpher 

The types of cipher in conuD 
use are, however, substitution dph 
on which a good deal of thought a 
ingenuity has been eipendcd to evol 
a system which is almost indeciphi 
able except to the initiated. Ordrna 
ly, substitution ciphers can be lolv 
(a term which implies the decipheri 
by those who do not have the k« 
if a sufRcienily long message 
intercepted. The general method 
solving involves finding out t 
frequencies of letters m the ink 
cepted message and comparing wi 
standard frequency lists of vario 
letters 'in the language concerw 
An attempt ts then made to ident 
the various letters of the cipt 
message on the basis of such coi 
parisOQ. For example, it is koo^ 
that the most frequent letter ocenrri 
ill a text in English is V. So o 
can proceed by identifying the nu 
frequent letter occurniig in a lo> 
cipher message with *e'. The im 
frequent letter is *t* which can 
similarly identified, and one c 
proceed in this way by a process 
trial and error dll a mcaabigl 
message emerges. Such a prooi 
requires a good deal of time a 
patience of the solver. It is inleresd 
to note that a few detective stop 
have been constnicted arooDd tl 
method of solving, as a theme, by 
Conan Doyle and Edgar Allen P 
(see p. 207, One. iwo, rhne hiUn 
by G. Gamow). 



NDM ctnple nbtthnlos dpbcrs 

The simplest type of substitution 
pher is that in which ideoticil plain 
xt* letter is represented by the same 
pher equivalent. The simplest way 
' employ such a system consists in 
ritiog down the plain sequence and 
e cipher sequence superimposed one 
)ove the other. It gives the respec- 
te plain and cipher equivalents. 
Reference has been made earlier 
a rudimentary form of substitution 
pher used by Julius Caeser. In this 
nn each plain text letter is replaced 
I a letter (cipher alphabet) which is 
rec places down in the usual 
phabet sequence as follows: 

Plain Uxt alphabfi : b c d e f g h 
klmnopqrstuvwxyx 
Cipher a/phabfi: X Y Z A fi C 
EFGHIJKLMNOPQR 
T U V W 

Suppose now that the plain text 
essage Is '*Wait'*. This will be 
telphered as TXFQ. since the cipher 
luivalent of w is T» that of a is X, 
bile the equivalents of i and i are 
and Q. This is too easy a cipher 
id hence not worthy of much 
tention. 

A better procedure of substitution 
ould be to make the plan of sub* 
itution not systematic as in the 
bresaid example, but more or less 
an arbitrary nature. But, since 
to sets of alphabet equivalents in 
hich one is in an arbitrary order are 
3t easy to remember, a simpler 
‘ocedure consists in writing down 
rsi an easily remembered key word 
)d then following it up with the 
tters of the alphabet which do not 
Kui in the key, in their usual 
quence. Suppose we take CIPHER 
i the key word, the plan of substitu* 
on will be as follows: 

Plain uxt Qlphabtt : a b c d e f g 
ijklmnopqrstuvwxyz 
Ciphtr dphabef. CIPHER A 
DEFGJKLMNOQSTU 
WXYZ The message *waif 
ill thus be enciphered as WCDT. 
) this plan, note that severtl of the 


plain and cipher alphabets are 
ideottctl. 

A mechanized contrivance known 
as St. Cyr Cipher, which is as simple 
as the two procedures given above, 
may be evolved as follows. 

Two scales <whicb may be made of 
cardboard or wood or any other 
material) having the roman alphabet 
sequences imprinted on them are 
allowed to slide one against the other. 
One of them (say the upper one) is 
kept fixed while the other slides 
against it. The letters are imprinted 
at identical distance apart in both the 
scales in the usual alphabet sequence. 
In this case we use a key letter. Let 
this key letter be P. We slide the 
lower scale along unlit P comes 
directly under A. Then the cipher 
equivalents to be used are under the 
plain alphabets of the upper scale. 

Namerkal aubatitutioa 

A very simple numerical subslitu 
tion alphabet may be evolved as 
follows. From the 26 letten of the 
alphabet leave out J and write them 
in a square array as follows num* 
bering the rows and columns from 
I to 5. 



1 

2 

3 

4 

5 

1 

A 

F 

L 

0 

V 

2 

B 

0 

M 

R 

W 

3 

C 

H 

N 

S 

X 

4 

D 

I 

0 

T 

Y 

5 

E 

K 

P 

U 

Z 


Then the letter A may be indicated 
by 11 (its row and c<^umn numbers). 
O by 43 and $o on for all the 25 
letters. A plain text message will 
be ultimately enciphered in terms of 
numerals. 

Polyalphebedc sabatkvtioa cighen 

The central idea involved in the 
solving of a cipher message is that a 
long message of a plain text shows 
definite letter frequencies which inttr 
aim is utilised in the identification of 


cipherleners repre rec ting plain alph, 
bets. By using more than one dphi 
letter to represent each of the plai 
alphabets according to a scheme < 
sequence, one can suppre« lY 
chardcterisiic observed frequetn 
pattern of letters in the particuh 
language by employinga monoalpht 
betic system of substitution. Thus 
particular cipher letter, for exampli 
A may be used to encipher the plai 
text letter ‘t* for a given pai 
of the message, then another ciplu 
letter B may be used to encipht 
the same plain text letter 't’ fc 
another given part of the messagi 
Likewise, the cipher letters C, D, I 
etc., can each he used to enciphe 
the plain text letter't’ successively f< 
other given distinct parts o( who 
message, so that *t' will ullimaUl 
be enciphered by more than or 
cipher letter in the whole messagi 
Similarly, each of the remaining plai 
text letter may be enciphered each b 
more than one cipher letter in tt 
whole message following a give 
scheme. Such systems are known i 
polyalpha betic systems, and tal 
two distinct forms as and when th 
alphabets are used periodically < 
aperiodically, i.e., when the key*wor 
employed is repeated successive! 
or a text from a book is used as ill 
key for enciphering. 

The principle that lies at the bai 
of polyalpha be tic systems was devise 
in 15th century a.d. by the Italia 
architect Leo Battista Alberti. H 
inserted key letters at intervals in h 
cryptogram to indicate which alphi 
bet would be used for the next fe 
words. Alberti's system was impro' 
ed upon by several persons intereste 
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I cryptography and cryptonalysis. 
^vid Kahn io an article in SciM^fic 
'.merican July, 1966 recalls that 
for acme 300 years this system 
Mtiained essentially impregnable.*' 
In 1863 Friedrich Kasiski, a retired 
lerman infantry major, discovered 
nd published the general method for 
le solution of polyalphabetic ciphers 
'ith repeating luys. Kasiski's techni- 
ue for breaking such ciphers stimu* 
lied cryptographers to devise more 
tgenious enciphering schemes. They 
ropoied using keys that did not 
speat such as the text of a book. 
It 1883, however, a FrerKh language 
sachet Auguste Kerckholfs devised 


the general solution for polyalpha* 
betk ciphers. KerckholTs technique 
can solve any pc^yali^betJc cipher 
except one with a key that never 
repeats, and contaizks neither meaning 
nor pattern as does a passage of a 
book. Such a pattem*less non-repeat¬ 
ing key system, which is theoretically 
unbreakable, is called ‘one-time 
system', and is used for diplomatic 
communication of highest iznpor* 
lance. 

One of the important developments 
of modern cryptography is the use of 
specially devised machines for en¬ 
ciphering and deciphering. They 
have been develped to a high degree 


of sophistication althou^ simp 
machines such as the Hagelin a 
others were in the market the 6 
half of the 20tb century. 
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Mai kti thriys WAite4 to re-Ufe tkt ptAt^ bat be hts beta 
■yatintd by the oie trad flow of Hmt 


H iptce. ttceiimove foTMrds 
»or iMwkwirds. to tbe bft or to 
t right, upttr^i or downward*, 
it in we move only forward*, 
ver btckwardi (except in imagi* 
tion). Thi* tuggeeU that the flow 
*tiflio' hai a dcflnite direction and 
It pauage of time it fK>t cootrc^h 
le at movementt in tpace. 

We thail try to thow in thli article. 

tome examples, that in priocii^ 
ii not impottible to make time flow 
ckwardt, but 'it it highly improN* 
le. that it, itt probability it to tmall 
it it can be taken at zero for all 
actical purpoiet. 


ttate to a dttorderad itate. We uie 
the term **eDlropy'* to denote the 
ditorder of a tyutm. The entropy 
of a highly ordered lUte of a syitem 
it tmall while that of a diiordered 
state of the syttem U large. In a 
tentc. entropy it the meaiure of the 
disorder of a syttem. Therefore, 
when wc tay that orderlinet 
in this universe it conttaiUly 
dtcmaiing, it meant that the entropy 
of the universe li constantly increai- 


and is. in fact, heading towards lhai 
state. This gives ut t he piychol ogica 
impression of the flow of time, li 
in t system all motion ii stopped 
(even at the lubatomk level), the flovi 
of time will stop for that system. 

The entropy of a system depends 
on the number of ways in whicb 
the system can be realized (oi 
prepared). Let us consider a feu 
examples to elaborate this concept 
Suppose ten coins arc thrown ai 
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AN TUVIE FLOW 
BACKWARDS? 


atropy 

First let us try to understand what 
e mean by the passage of time 
i this universe, all bodies from 
are to the minutest submicrosco^ 
irtkles are in eternal inotion. 
hyskisti are convinced that this 
loiion is such that the orderlineu 
I this uoivene Is constantly decraas' 
ig. We are going from an ordered 


ing. this principle is called the 
second law of thermodynamics, which 
states that the entropy of a closed 
physka) system always increases with 

the passage of lime. For this reason, 
entropy was called the *'arrow of 
time** by Sir Arthur S. Eddington, a 
British philosopher^sckniisl The 
above law also suggests that nature 
prefbn the stale of maximum eniropy 


random and the number of head 
and tails is observed. Commo 
sense tells u$ that we should expec 
the number of heads to be close I 
five. Is it not possible to get a 
ten heads (or tails)? U'nnoi imposs 
bk. but it is improbubh. Let us ca 
the state of the ten coins in whic 
there are a heads and 10*~ii tails i 
the '*nH/(10-a)T lUte.** A simpi 
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ng. 1 


IcuUtion based on probabiliiin 
ows that if we throw the ten coins 
»«i024 times and note the various 
ites. thete is a chance that one 
these states will be the 10H/0T 
ite and other will be the OH/IOT 
ite, whereas the state 5H/5T can 
cur 252 limes. The probability 
getting all heads or all tails is t 
1024, while that of getting equal 
imber of heads and tails is about I 
4. This showf that the entropy 
the 5H/1T stare is much larger 
an that of the tOH/OT or OH/IOT 
Ite. 

It we just double the number of 
ins» the probability of getting all 
^ heads (or tails) in a throw is about 
le in a million (2*®^L05x I0*), 
[tile that of getting I'o heads and 
»tails is about 1 in 6, which is about 
0.000 times that of geting all 
ads or tails. If we increase the 
imber of coins to 1(K). we find that 
c chances of getting SO heads and 
i tails in a throw are about 10** 



f i\mt were made tofto\- backwards, 
wculd certainly undo the mr>raA:e 
iid 25 years ago" 


times those of getting all 100 heads 
or tails. We see that although it 
is not impossible to get all beads or 
tails in a throw of 100 coins, it is 
very highly imi^obable. 

In a throw of n coins, kl us regard 
the state with all heads (or tails) as a 
state with the maximum order. Such 
a state has a very low probability of 
occurrence and can be obtained only 
in one way; hence its entropy is the 
lowest. The slate with equal number 
of heads and lai Is is t he most pro bable 
slate and corresponds to the highest 
entropy. This state has the minimum 
order. 

Suppose we throw 100 coins. We 
expect that the number of heads will 
be very close to 50. Now suppose 
that we turn upside down all the coins 
showing tails so that all coins are 
showing heads. We have a highly 
ordered state. Suppose a sudden 
gust of wind comes. I'fis all the coins 
in the air and then they tumble back 
to the ground. Once again there 
will be approximately an equal num* 
ber of heads and tails and we shall 
have a disordered stale. This is 
what we mean by saying that nature 
prefers a stale of maximum disorder. 

As our second example, consider 
the case of a monkey playing with a 
typewriter We assume that the 
monkey keeps on punching the keys 
of the typewriter completely at 
random at a rate of one key per 
second. The typewriter has 26 small 
ktters, 26 capital letters, 10 numbers, 
about 15 or 20 different signs or 
symbols, and a space bar. As a 
round figure, suppose there are 80 
different characters and the probabi¬ 
lity that the monkey types any one 
of these is the same. The average 
time in which the monkey types one 
desired ktter correctly is a^ut 80 
seconds. The expected time in which 
the monkey wodd type a two-ktter 
word (such as **to**) is 80* seconds, 
which is about 107 minutes. The 
average lime in which the monkey 
k?tay type a four-kller word (such as 
'"King**) correctly is over a year 


(cot year« 3.15 x 10* seconds). No 
consider a short sentence sudi t 
**The God is in Heaven*' wbic 
contains 20 characters. The averac 
time for a monkey, who is typin 
randomly, to type this sentenc 
correctly is 80 ** seconds or 10 
seconds or about 10** years, which i 
many tiroes the lifetime of tb 
universe. Thus, once again we ca 
say that though it is not ImpossibI 
for a monkey to type the sentenc 
correctly, it is highly improbable. 1 
fact, the probability Is so small ths 
for all practical purposes we ca 
regard the process u impossibk 
The above sentence is highly ordere 
while the monkey's typing is highi 
disordered. The '^entropy*' of (h 
above sentence is therefore very sma 
whik that of the monkey's typing i 
very large. 

Coming to physical processes, l< 
us take the case of heat. The secon 
law of thermodynamics, in anothe 
form, states that heat always flow 
from a hotter body to a cooler bod 
just IS water always flows from 
higher level to a lower kvel. Micrc 
scopically, we know that heat arise 
due to the random molecular motion: 
The average molecular velocity an' 
energy in a holler body are greate 
than those in a cooler body, if 
hot body and a cold body are ii 
contact and are left to tbemselvei 
heat will flow from the hot body v 
the cold body until the temperatur 
of the two equalizes. 

Is it possible to make heat flc\ 
from a cooler body to a hotter body 
The answer is, yes. This is exact] 
what is done in a refrigerator and ii 
ice factories. In an ice factory, wate 
(which is to be frozen) is the cook 
body; the surrounding atmospher 
is the hotter body. Heal is made ti 
flow from water to the atmospher 
so that water becomes cooler as 
finally solidifies. In order to appre 
ciate this, let us ask a ilmilgr questio: 
about the flow of water; Is i 
possible to make water flow from : 
lower kvel to a higher kvel? Thi 
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uwer ii Afaui, ye»-^yUkia4 water 
I a bucket and iiftiog it, or by uiiiig 
1 electric motor wbich pumpe up 
ater from a welt Of coune, we 
ive to epend mw eaeity (physical, 
temical. electrical, etc.) ia order to 
lake water flow afaintt giavity. 
0 also ia the case of beat we have to 
lead soate exteraal eaergy in order 
I make beat flow from a cooler 
ody to a hotter body. 

Finally, consider the case of press- 
re. Suppose we have two vessels, A 
id B, one containing a high presiuee 
LS tad the other containing a low pre- 
ure gas, IS ihowa ia Pig. 1. Suppose 
two vessels hi^ a common wall 
lid there is a window between the 
VO which can be coatrolled from 
jtside. If the window is opened, 
IS from the hi^ pressure vessel 
will flow to the low pressure vessel 
unitl the pressure equalises. What 
happening in the process? To 
this we remember again that 
tessure is (he result of random mole- 
liar motion. The high pressure 
lamber has a higher density of 
lolecules than the low pressure 
umber. When a molecule of vessel 
tries to pass through the window, 
can do so with ease because the 
robability of its collidiog with 
mother molecule in its path is small. 
IQ the other band, if a motecule of 
rssel B tries to enter vessel A through 
le window, there is a high probability 
lat It will collide with another 
molecule and will be stopped in its 
ath. Thus in any sufficiently long 
iterval of time, more molecules are 
kely to travel through the window 
*offi vessel A to vessel B tlun vice 
srsa. 

It is possible, for a short interval of 
me, that a molecule may be fortunate 
nough to cross the window from the 
easel B to the vessel A against the 
icreasing pressure. Then we might 
sy that this particular iw^ecule ia 
loving backwards in time because 
: contributes to decreasing the 
ntropy of the system. However, it 
i obWoui that this cannot happen 
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with many molecules or over a longer 
period of time. It is all a question 
of probabilities. 

All these processes, such as the 
flow of gas fr^ a high pressure 
region to a low pressure region or the 
flow of heat from a bolter body to 
a cooler body, determine the direction 
of time, because they are the processes 
in which the entropy increases. It 
it the entropy of a system consisting 
of a large number of particles which 
gives us the feeling of a direction of 
time. But, for a single microscopic 
particle and for processes whkh last 
for intervals of the order of 10*** 
second, it is evident that both the 
directions of time are almost equally 
probable. 

Time reversal 

If, by any means, we make the gu 
flow from the low pressure vessel to 
the high pressure vessel, the entropy 
of the system (consisting of the two 
vessels but excluding any external 
device such as an air pump) would 
decrease. We can then uy that for 
this system time is flowing backwards, 
or that the direction of time has been 
reversed. 

Let us consider a simi^ example 
of time reversal symmetry. Imagine 
Chat a moving train is pbotographefl 
by a movie camera. Imagine further 
that, later on. we are observing the 
film of the moving train. Suppose 
that for the sake of fun, the projector 
is run backwards. We will still 
observe a moving train with the only 
difference that the engine will appear 
to be at rear of the train rather than 
at its UooX. But this does not 
represent an impossiUe situation, for 
wt have all obaerved Crains with 
engines at the rear during shunting 
in railways yards. In Ueu it is 
ifflpossi^ to tell simfHy by observii^ 
Che film whether the film is being run 
forwards or backwards, because the 
photograj^r may have filmed a 
moving train with the engine at its 
front or rear. This is an example 
tinte reversal symmetry, because a 
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train with engine at its rear is quiti 
a natural phenomenon; it does* no 
violate the laws of nature. 

If a physical process is such tha 
after time reversal, it is again i 
natural proceu (that is, does no 
violate laws of itatuia), then we sa; 
that the process is invariant unde 
time reversal, or it possesKs tim 
reversal syounetry. If the time 
reversed process is impossible t* 
occur In nature, we shall say that th 
process violates time reverse 
symmetry. 

Let us consider some more physics 
processes and analyze them unde 
time reversal, hi order to imagln 
a process under time reversal, it i 
convenient to imagine that a iUm < 
the process is being run backwards. 

Tht earth and at! the planets mov 
around the sun in elliptical orbit 
IT the direction of time is reverse^ 
they would still move along the sasi 

SC1B4CS1IBPOIT1 


thoofh fai «a oppo ii t c 9ttm. Thtt 
pennmible ift ntture and h ea c e tbe 
volutioo of « pUoet uou&d the 
in ii inviruju under time rtvemL 


Next, consider the oiocioa of i 
ill thrown from the ofn tower. 

falls to the grouisd flowing a 
inboUc path. If wc imagiiie this 
ooess under time reveml, we will 


e the ball rising from the grotmd* 
Bowing the same parabolic path 
id finally alighting the top of the 
wer. U this time^reveraed prooeas 
ipossabie? No.itisonlyaquestioQ 
providing suitable initial coQdi> 
ms. If the ball, when it b on the 
ound, is given the Dccessary velocity 
the proper direction, it will follow 
t path deacHbed. This b shoam 
Fig. 2. Fig. 2(a) shows ball 
lling from the tower to the ground, 
lereas Fig. 2(b) shows the ball 
iing from the ground and going to 
e top of the tower. 

Coming to elementary partidea. 
has been shown that if a particle 
issesset time reversal lymoecry, it 
nnot have electric and magnetic 
pole moments simuliaoeously. A 
krtide having both electric and 
agnetic dipole tnooieoti would 
oble T. In fact, so far no ckoeiH 
ry pnrtkie has been experimeotally 



Vhik Ihry are trying to nm fM 
ttfcwandf. Mir pfa^Mi it to nidbe 
m iimy otiH m w" 
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found to p o aa ess any ekctrk dipole 
moment, ftrengthening o«r view that 
T b a fundanientaJ symmetry of 
Qiture. 

We can imagine a process under 
CPT as foUosrs. Lot a film of the 
process be taken, lot the film be 
mo backwaids (T): let us not obmrve 
the film ditectly but through a surror. 
lo that a left-righl in ^m ioo b 
performed (P): moreover, let all the 
partktes be repboed by their cones- 
ponding aoCiputkles (C). The 
resulting p r o ce ss snll be the CfT* 
inage of the ongioaJ proce ss . Table 
1 pve$ the effect of C. P and T on 
various physical obmrvables. 

lo the case of reactions involving 
ele m en t a ry partkfaa, time reversal 
symmetry moM mean that a rcaoion 
should be pomible io forward and 
backward tune directioas. Consider 
agm the ^-dscay process; n-^p-he~ 
-l-M. If thb pro aos b invamat under 
time reversal, its dme-ievmed pro- 
ceas should also be ponible, chat b, 
we should have p+e~+v~^B* Al¬ 
though thb p foc ea s has not been 
obsened hM—f Hs probabdity b 
small, the assodated lenctkms, such 
as ha>e 

been ex perim entally obeervwd. Here 
H sbouki be remembered tht sriieii 
we tramfer a parlide firpm one side 
of the Rwcdoo to the oth er , the 
partkfe dtould be cepbeed by its 
andpartidB. 

ta the ps e vi u n s aidde (see S.M. 
May, 197S). we tad seen tel som 
weak internet ion procemea, sneh aa 
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^decay, do aot pome s s Che symme 
tries of dkarge co&juption ia 
parity, but they are invariant unde 
the combined operation of CP 
Later it was found that the decay o 
the K*tnesoa b not invariant unde 
the combined operation of CP. Bu 
since It must be invariant under CPI 
(according to the CPT theorem), i 
follows that the K-tneson decay i 
not invariant under liiDe-reversal 
Thb has caused a ma)or upheaval ii 
eWraentary particb pbysbs and man: 
partide physicists are busy trying t( 
understand the significance of thi: 
d is c o v e ry. 
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lid c«li is a highly efTicient, 
^liable* pollution-free and 
ilent means of geoeratuig 
lectricai power in remote 
Kations where other means 
f power generation are not 
»sible 



FUEL CELLS-THE POWER- 
PACKS OF TOMORROW 


^UEL cell operates on conven- 
. ttonal fuels. It converts chemical 
^ergy ofcombusion of fuels directly 
ixo electrical energy. Unlike a 
rnerator, it is devoid of mechanical 
arts. 

Fuel cell was primarily developed 
3 meet power requirements in space. 

1 space vehicles, the payload (inclu* 
ive of power generation equipment) 
as to be restricted to a minimum as 
. costs about S 1000-5000 lo put each 
lb of a substance in space More- 
ver. the essential qualities required of 
device for power generation in space 
re light weight, high energy density 
more energy per unit weight), porta- 
lility. high reliability and ability to 
>peratc without being attended to. 
'uel cell possesses all these requisite 
tuaiities. The most salient feature 
>f fuel cell is its very high energy 
;onversion efficiency. 

The efficiency it) of most sophi- 
ticaied power plants running on 
hermal combustion seldom exceeds 
10% to 20%. Atomic power plants 
:an attain up to 40%. In these 
slants energy conversion takes place 
Vom heat to mechanical worit and 
s, therefore, governed by a serious 
heoretical limitation pointed out for 
he lirst time (1824) by Frerwh scien¬ 
tist N.L.S. Carnot. The energy 
:onversion takes place by tninsfering 


heat from a source at higher tempe¬ 
rature Ti to a heat sink at a lowe: 
temperature Tf. The efficiency 7 
of such a process is given by the 
equation 


Since Ti—Tg is always less than 
T,. the efficiency will also be less 
than I. The theoretical conversion 
efficiency of such a device is very 
much less than 100%. usually 40% 
to 50?,. 

In practice, the efficiency is further 
reduced due to energy losses at 
several stages. In contrast, fuel cell 
contaim no mechanical parts. It 
operates without any temperature 
change (isothermal process)—conver¬ 
ting the chemical energy into eleciri- 
cai energy by direct oxidation of 
fuel. It docs not suffer from the 
intrinsic theoretical limitation of 
Carnot Theorem. The theoretical 
energy conversion efficiency is, there¬ 
fore, of the order of S0% to 100 and 
ia practice it is quite high, usually 
50% to 60%. 

TIk combustion in a fuel cell is a 
cold process known as 'cold 
combustion', as there is no burning 
of the fuel and no beat generation. 
Here the combusitioo (or oxida* 
lion) of the fuel it carried out 


through electrochemical methods 
The energy associated with Lh 
combustion 4jr oxidation prix:ess i 
directly utilised to generate electron 
which carry the current, and n' 
actual heat generation takes place 
Moreover, there no emission c 
any incompletely burnt or unburr 
obnoxious gases. The danger r 
pollution is hence eliminated. 

In order to understand the princ 
pie of cold combusion (or oxidation 
in an electrochemical process, cons 
der a hydrogen-oxygen fuel cell(Fjj 
I). This electrochemical ccllconsis 
of metal electrodes impregnated wit 
platinum catalyst and contains elei 
trolytically conducting clectrolyl 
solution. The fuel hydrogen is fe 
at one electrode and oxygen (oxid 
zer) at the other Hydrogen in ih 
presence of the catalyst and elecirc 
lyte releases electrons forming H 
ions, a process represented fc 
equation (2). The electrons ai 
absorbed by the metal elect roc 
which becomes negatively chargc< 
This electrode is called a nod 
When Uie two electrodes are shor 
circuited or a load is connectc 
across them, the electrons start tn 
veiling in the outer circuit from tt 
—ve electrode (anode) to the otb 
electrode. At the other electrod 
the electrons react with oxygen an 
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va(er to fottn hydroxyl ions (OH“)- 
rhe process is represented by equa- 
ion (3). Since the electrons are used 
ip at this electrode it becomes +ve. 
t is called cathode. The scheme of 
eaction is as follows: 

Anode < -ve) reaction 

^ 4H*4 4e- ....(2) 

laaMgT' 





'lf> hovf proJuefd packs of alt sizes 
md designs to store fuel. The only 
rouble is fuels ore geui*ig scarcer 
everyday" 


Cathode (+ve) reaction 
0,+ 2H,0+4e-->40H“ . (3) 
followed by 

4H*+40H^-» 4H,0 ... .(4) 

The overall cell reaction can be 
written as 

H* + 0, + 2H,0->4H,0 ....(5) 
The overall reaction involves ^ne^ 
ration of 4 electrons (or 4 units of 
electricity), which travel in outer 
circuit from one electrode to the 
other to constitute an electrical 
current. The oxidation of the fuel 
(hydrogen in this case) takes place 
just as in chemical combustion. 
The reaction in the cell is sustained 
if current is allowed to flow 
between the two electrodes through 
an external electronic circuit and if 
steady supply of oxygen and hydro¬ 
gen is maintained. 

Fuel cell is an electrochemical 
method of power generation like 


batteries. It is, however, unJike 

storage or secondary battery. T1 

fundamental difTerence lies in tl 

manner of electricity generation 

storage batteries and fuel cell. Store; 

battery discharges on deliverii 

electrical current; a dischargi 

battery can be recharged, and tl 

inactive materials formed durii 

discharge reaction can be made acti 

by supplying with electricity. It 

a reversible system, and a very lar, 

number of charge and dischar. 

cvclcs can be attained. On tl 
• 

contrary, fuel cell is like a petroleu 
generator which generates electrici 
on combustion of petrol. ](convei 
chemical energy of combustion 
fuel and oxidiser into electricit 
The combustion process is entire 
irreversible! for it is not possible 
produce petrol or fuel by sapplyii 
the unit with electrical energy. 

Apart from the non«reversibili 
of combustion process, fuel o 
differs from storage batttery 
several other aspects. In fuel ce 
the fuel and oxidant are all gaseoi 
They are contained in and fed fro 
tanks outside the cell. The fuel ai 
oxidant can also be replenished. T 
electrodes do not participate in tj 
reaction but only transfer electro 
and remain unaffected. In tl 
storage battery, on the other han 
the active material is contained 
the cell only. The electrodes tal 
part in cell reaction and under} 
reversible transformation. 

Fuel cell resembles an unchargeab 
primary cell in two respects; the c< 
reaction is irreversible, and tl 
electricity generation that takes pla 
involves oxidation at anode ar 
reduction at cathode. Howevc 
some important differences disti 
guish fuel cell from the primary ce 
In primary cell, the electrodes ar 
reactants are solid and not gaseou 
all are contained in the cell and di 
fed from outside as in fuel cell. Ele 
trodes are also consumed during tl 
cell reaction. 


OBNCE K£POftTEft 


144 


MARCH U 


t 


The c»pidty of ft fad oefl docft aot 
Bpeod OB Che height ftad. n of 
ectr o dcft» for they do oot participBCe 
k the ceU retctioci. The chrmifftt 
Kfgy i$ it(»ed in the fonn of fud 
I ft tftfik out&ide the <dl. The ctpft* 
ty of the petrol engi^ geoeralor 
spends on the quenlity of petrol 
* ten store, and U, related to 
ink site. Hk power output is 
lated to the rate of energy c<mver* 
on. In ft similar manner, the etpa- 
ty of the fuel celt solely depends on 
e size of the fuel tank, and the 
ittery sue is related to the intended 
ite-t^-oonversion or power output, 
Systems operating on reactive fuels 
ich as alcohol, hydrogen, hydruine, 
mmonia and natural gas, with 
xygen and hydrogen peroxide as 
xidsnts, have been built and demons* 
rated. Fuel celts a re capable of gene- 
iting hidt energy densities usually of 
ie order of > 1.0 KWH Kr' The 
himate atm b to develop a low cost 
ooveraion device to rtsn on conven- 
onaJ fuefa (petroleuB, coal or ken> 
ae). 

Till now. the fud cell has pla)«d 
lie role assigned to K in space ex|4<^ 
ition reoMHtably «vll. Power equi- 
meot in the first Gemini spacecraft 
«t in orbit for 8 days ( Auguel, 
965) and subsequently for 14 days 
December, 1965), consisted of 
ydrogen-oxygen fuel cell. The 
kiel cell also had a scHKonCained 
irovision for collectiog water—a 
yproducl of cell reaction for drink* 
ng purposes at a rate of I Fint 
CWH'i. The electric power sup^ied 
0 main command module during 
Apollo spacecraA landing on the 
noon was by three independent 
iydr<^D-oxygcn fuel cell systems. 


caeh fh ill ling a mwhntm of 2KW 
wogh^ ftboot 91 kg. TV 
powr reqaiments for commiuii- 
fttv xi, coannd and control, gukl* 
aace. radv, image acquisitioii. pro- 
cesaing aad tnasmnsion. dau hand¬ 
ling and stora^, experiments ou 
pknetery SBfrace, li/e support and 
explorattoQ vebde were a provided 
by hydrogen-oxygen fuel cell. 

Tcnvsthal applications are proving 
equally promisiog. In 1966, a firm 
of Switzerland announced a TV relay 
suiion powered by methanol fuel- 
ccib. In the same year. Monsanto 
(USA) delivered a hydrazine fuel celt 
to Amencaa army for advanced 
military coromunkaiion. Fuel ttlls 
also eliminate the need for central 
power stations. In April 1966, Pratt 
and Whitney constructed a 500 W 
system operating on natural gas or 
keroi cn e-air in two packs, each 
«Bighiag 16 kg, for military purposes. 
In the tar^t program the saiw 
Company in 1971-72 tnatailed 50 
units of 12.5 KW natural gas fuelfed 
power supply to houses ia Farming' 
ton, Connecticut, as a held trial oX 
small decentraliaed power uniu for 
domestic, commcToni and iadustnaJ 
applications. 

Technical feasibility of fuel-cell 
pow e r e d ckao urtuus tiansporutioQ 
bas aho been demonstrated. 
General Motors' 'Electrovan* 
pow e red by 32 KW hydro^n- 
oxy^n fu;l cell (32 modules—Uniou 
carbide) can be accelerated to 60 
mpb in 30 seconds, attain a speed of 
70 reph and cover a range of 100 to 
160 miles on a single charge. How¬ 
ever, power train itself weighed 1660 
kg out of the total Eleettovan weight 
of 3228 kg. Power train in a gasoline- 
powered truck of the same size for 


coapftrahk petformanee weighs o 
396 kg. 

The high initial cost of fuel ceil. di 
to the utilization of expensive imb 
metal catalyst materials (pbbnoir 
has restricted its appiicalions ' 
power generatioi> in space and 
remote locations for military whe 
other means of pow^r gjnsration a 
not feasible. The running cost bnsi 
on di/feren( fuels, natural gas, pr 
mium gasoline, ammonia, mrthanc 
and hydrogen is between 0.2 to 4 
cents KWH**, assuming 50% cfl 
cicncy of energy conversion. TTiis 
quite acceptable, bui the initial co 
may have to be brought down i 
a considerable extent before an 
widespread civilian ua: can be for 
seen for fuel cell as an economic an 
efficient means of power geneniioi 
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POLYMER SCIENCE- 

some recent trends 


SWAMINATHAN SIVARAM 


^ew knowledge has been gained to make specific structural 
DodificalioiH in the polymers to eliminate existing disadvant- 
iges 


ANY of synthetic polymers 
in commercial u$c today are not 
)Dpletely free of diftadvantages 
Hentiiu and technologists have 
lined new knowledge to make 
lecihc structural modihcaiions in the 
)lymers to eliminate the disadvan* 
gcs. 

!t can be said with a fair measure 
' confidence that the world of 
nthetic polymers is unlikely to see 
the near future the development 
* an entirely new, high volume, low 
ist polymer, may it be a plastic 
uch as polyethylene, polystyrene, 
>lypropylene or PVC) or*j rubber 
tyrent-butadiene rubber, high cis 
>lybutadiene) or a fiber (polyester, 
tylics. n^ons, etc.). If so, il is 
iprophale to ask ourselves: What 
ture does the world of synthetic 
aterials hold for us? A look at 
e stale of the art in this area in the 
ist ten years is indicative of future 
^nds. 

rvdofcat of polyiMr tdfce 

The development of polymer 
eoce can be traced through two 


distinct periods. The yean between 
1935*50 saw the development of most 
of today's major plastics, fibers and 
rubbers, such as low density poly* 
ethylene, polystyrene, PVC, SBR. 
neoprene, butyl rubber, polyesten 
and nylons. ‘Hie discovery of these 
was more as a result of accident 
than of design. The relationship 
between polymer structure and its 
property was then largely obscure. 
For this reason this era is humorously 
called the *Hula*Hoop era* in the 
development of polymer science and 
technology. In contrast, the next 
fifteen years (19SM5) saw the deve¬ 
lopment of pmisely designed struc* 
lural polymers such as high density 
polyethylene, isotactic polypropylene, 
hi^ cis polybutadieoe and as poly* 
isoprene. This period is more a^o- 
priaiely called the era of *stereo 

pclyners*. 

Since 1965, however, one discerns 
two general ways in which new poly¬ 
mers have been made: 

(a) To synthesize a new monomer 
which embodies by virtue of its 
chemical nature some attractive and 


iosereiliaf features. Upon pd 
merization, one can axpect to tneorp 
rate these features into polymc 
also. Such polymers are design 
to meet specific applications and a 
characterized by its low volume ai 
high cost. A few examples o( sw 
polymers derived from monome 
are indicated in Table I. 

(b) Alternatively, to syntbeai 
new polymers from readily availab 
and inexpensive monomers such 
ethylene, propylene, butadiene. V( 
etc., by subjecting them or combin 
tion thereof to new polymerizatit 
techniques using novel catalysl 
activators, modifien, etc. 

Il is the Utter of the two appro 
aches which holds greater promise fi 
the future. A breakthrou^ he 
is bound to be within the acceptab 
cost limits of a new polymer. Coi 
scquenily. major efforts in the dev 
lopment of new polymers have bee 
concentrated in this area for the pa 
ten years. 

MoHjeonpoMt polymer systems 

Polymers wherein more than or 
monomer is present, bonded eithi 
chemically or physically, are terme 
as multi-component polymer system 
A general dassificaiion is outline 
in Table 2. 

If iwo monomers A and B ar 
copolymerized, there are four mai 
theoretical types of structures thi 
can be produ^ (Fig. J). Till 196 
only copolymerization of two mono 
men A and B in a random fashio: 
was known. Since then rapid deve 
lopment in catalysts and initiator 
his enabled the synthesis of highl 
ordered copolymers of the 
graft and alternating types. Thes 
structured co-potymers are offeo th 
product of careful design and posses 
superior technologic advantage 
over the correspoo^ng random cc 
polymers This will be illustratei 
using three recent examples from lb 
literature. 
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A nodottt copolymer of butadiene 
1th tcrylooitrile (acrylonitrile co^ 
Dt anywhere between 2(^50%) » a 
wful rubber known as nitrile rubber, 
his rubber, being a polar moJecule, 
ossesset excelteot oil and chemica] 
tsistance but has the disadventage of 
)W freen strength (a cotloquial term 
led for crystallizlRg property on 
retching). Pure gum vulcinizatesof 
idler ubber yield poor stress strain 
roperties with tensile strengths in the 
ngeofonly 40 Kg/cm* Obviously 
reinforcing filler such as carbon 
ack is necessary to improve their 
jisite properties. Depending on 
e nature of filers, a tensile strength 
high as 250 Kg/cm* can be obtain- 
I. But fillen also have the dls- 
Ivantage that they diminish the 
Ivent and oil resistant properties of 
trile rubber. In addition* it has 
:en found chat higher acrylonitrile 
»ntent in the polymer impoves many 
the properties of nitrile rubber. 


Ba this aho causes gelation (due to 
crosslinkiag potyruer chains) and 
reduces polymer processability, result¬ 
ing in degradation on milling. 

An understanding tithe molecular 
level as to why nitrite rubber posses¬ 
ses low green strength leads us loa 
solution of the problem. Most linear 
poly men undergo molecular orien¬ 
tation or crystallization on stretching. 
With thermo-pCasiics. such orienta¬ 
tion is irreversible. Once the poly¬ 
mer is oriented and quenched, (he 
induced crysiaMinity is permanent. 
Some elastomers are also capable of 
such stress-induced crystallization, 
but this is temporary. Once the 
stress is released, the molecule is 
returned to normal configuration. 
This is becau.se rubber molecules 
possess neither large intermolecular 
attractive forces nor molecular order 
which will enable them lo hold their 
configuration in unstressed condi¬ 
tions. Those rubber molecules which 
can crystallize on stretching possess 


high green strength. Examplet a 
natural rubber, rir-potynopm 
rteoprene and butyl rubber. OUie 
like nitrile, SBR and ethylen e -prop 
lenc rubbers, which because of ll 
lack of molecular order are unab 
to crystallize, possess low gre< 
strength. High cis polybutadknc 
an anamoly in the sense that 
possesses low green strength inspi: 
of its ability to undergo stress induce 
crystallization. It is therefore clef 
that if molecular order is introduce 
into an otherwise disordered randoi 
copolymer, we can expect a highr 
green strength for the former. 

Sumitomo Chemical Co. an 
Bridgestone Tyre Co. of Japan hsv 
announced recently the synthesis c 
a highly alternating butadiene-acr) 
lonitrile copolymer using a ne' 
catalyst system (triethyl aluminuir 
aluminum chloride and vanadiut 
chloride at O'’ in suspension i 
n-hexane). The allerrtaling natut 
of copolymer ensures order i 


Table I. Pofyam from fecial moM»m 


NAME 


POLYMER STRUCTURE 


MONOMER STRUCTURE 


1. POLY (Phenylene sulfide) — 


2. POLY (oxybenzoate) 


3. POLY (Phenylene oxide) . 





Na^S 


AcO 



4. POLY (Phenylene ether 

sulfones) 




I4t 


AftCHira 


gCfENCl BEPOen 





w l>o]yiner causing it to crystAMize 
a iiretching. It therefore possesses 
igher tensile strength in the 
nfllled state compared to the 
indom copolymer. The aery* 
mitrike content of the copolymer is 
}% and this is achieved with no 
ttendanl problems of gel formation. 
Inlike nitrile rubber it can be process* 
1 on standard roll mills. This 
laterial is presently undergoing held 
ials in elastomer and adhesive 
^plications. 

hsrmoplaatic elaaiomert 

Thermoplastic elastomers are ma* 
rials which 'process like plastics 
ltd perform like rubber* and are a 
«ent entry into the world of syntbe* 
c polymers. 

Synthetic materials can be broadly 
assified into three major types 
fable 3). Thermosetting resins of 
le rigid, flexible and elastomeric 
'pes and thermoplastics of the rigid 




and flexible types are Quite wdl 
known. The recent appearance of a 
thermo-plastic elastomer has filled a 
corupicous gap In the types of 
available synthetic materials. 

Thermoplastic elastomers are based 
on block copolymers wherein a 
rubbery polymeric bloch Is und* 
wiched between two teminal thermO' 
plastic blocks. The thermoplastic 
block in most commercial pt^ymer is 
made up of molecules of styrene. 
The rubbery blocks could be poly- 
butadiene. polyisoprene or any other 
common rubber. The stmeture of 
styrene - butadiene • styrene triblock 
copolymer is shown in Fig. 2, in 
which R is the initiator moiety and 
is the terminating moiety. 

These polymers art prtpaitd by 
solution polymerization techniques 
using anionic initiators. The mono¬ 
mers art added io sequeatiaJ order 
to give the prtctsdy designed potyner 
structure. In contrast, free-radical 
initiators give a random copolymer 


of $tymc Mnd btrtad«p-a \ 
known general purpoae rubber. 

The unique property of such 
rubber is that the need for coi 
pounding the rubber with retoforci 
agents (such as carbon black) ai 
tlUrmosettiog it permanently in 
slow cumbersome curing cycle 
eliminated. Further it can be pr 
cesied 00 conventional thermoplasi 
machinery. 

The reason for this behaviour 
understandable on the basis of tl 
known microstructurt of such blot 
copolymers (Pig. 2). Because of th< 
large interchain foroes the thenri 
plastic segments form aggrogatt 
These are referred to as **<loDiajns 
Al normal service temperature the 
domains are hard and glassy ar 
therefore they immobilize the te 
ends of the sandwiched rubber chai 
They create a "'physical crosslmk 
which is suflkieDtIy strong to pr 
vent the rubber chain from slipptt 
past each other, a role played 1 
chemical crosslinks in convention 
rubbers. However, at higher tee 
peraturcs. these plastic doniai 
soRen. allowing the polymer to floi 
Such a process is reversible, for c 
cooling the plastic domalDS hard* 
and polymer regains its origim 
properties. Hence, the rubbers e) 
hibit essentially a thennoplasti 
behaviour. 

The cbemical natare of the twe> lO] 
menu, thair length and weight frw 
lion can be varied to give polyme\ 
predictable and deawable propertie 
Thennopiastk elastomers offi 
attractive posribiiittei to both Ui 
polymer manufacturer aod the cm 
use convener. Thermop la stic eU 
stomers baaed on block copolymei 
are tough, have good low temperatui 
flexibility, have strong UMiskm an 
chemical resistaikce, superior weathe 
ability ud are capable of bein 
tailored to desired hardness or sof 
ness without ^astkoen. Cooseqi 
ently they can find wide application 
in footwear, hoses, pipei, automativ 
goods and tubing and film for medici 
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Type 

Thermoeet 

Thermoplastic 

RiSkI 

1 

1 

PcJysiyrene, PVC Polypro¬ 
pylene 

Flexible 

CtMtocnehc 

HMy Vukaaised Rbfaers 
SBR. <'t»*uoproQe» buUdiefte 
rubta 

Polyethylene. Plastici/ed PVi 

•> 


ippikiliota. Thtfse elutomen Are 
lydrocarbOQ soluble, they nuy be 
]&ed in adhesive coatings end 
he scaling purposes. An urcxplorcd 
ield of application is the large scale 
^tending of these rubbers with other 
olymers to upgrade the performance 
f low-cost resins. The fact that these 
laslomers can be processed on 
tandard automated plastics produc* 
ion equipment offers bright opportu- 
hies to Indian plastic converters, 
elastic processing is predominantly 
xated In the small and medium 
^tor of our industry. Also com- 
ared to rubber processing, procese* 
tg of plastics is more econom*cal 
nd less cumbersome technically. The 
Introduction of thermoplastic elasto- 
tors will enable the plastic converters 
0 use their machinery to produce 
ubber goods interchangeably with 
ilaslics. 

icryloBltrlle eopolyaers aad poly* 
leads 

Acrylonitrile is one of the most 
ersatile monomen available to poly- 
net scientists and technologists to- 
lay. It finds extensive use in thermo- 
ilastics (styrene-acrylonitrile copoly- 
ners). fibres (aery 1 ic fibers), elastomers 
nitriie rubber, acrylic rubbers) and 
n polyUends (such as ABS). 

The presence of acrylonitrile in 
>olymers gives it a high degree of 
orientation resulting in improved 
oughitess and tensile strength. In 
idditioD, the polar cyano group 
:ontributes to chemical resistance and 
^Uer polymer aging properties. A 


high acrylonitrile content in the 
polymer also leads to exceptionally 
good 'barrier* properties for the 
material. This means they are highly 
impermeable to gases like oxygen, 
carbon dioxide, etc., the gas permeabi¬ 
lity decreasing almost linearly with 
increased molar ratio of icrylonilrilc 
in the copoylmer. Coruequently it 
has been recognized that such 
materials should suit admiraUy the 
needs of the food and beverage 
packaging industry. 

But one of the greatest stumbling 
blocks in the development of high 
acrylonitrile content polymen has 
been their 'non-thermopUsilcity'. 
This results as a consequence of their 
high degree oforientatioD and thermal 
instability near the polymer lof^ning 
temperature. These polymers, there¬ 
fore, lack fabrication veraatility and 
could not make inroads into commer¬ 
cial markets. However, in the past 
three years, resins with high 
acrylonitrile content (about 75%) 
have been developed which are 
capable of being processed on existing 
thermoplastic machinery. The key 
to the success here has been the 
development of suitable multiphase 
poly blends (Table 1) contain log 
acrylonitrile both in the matrix and 
the dispersed phase. Acrylorutrile 


and isobutylene or acrylonilril 
and methyl acrylate (acrylonilril 
contents of 70-80%) are gra 
copoly me rired in emulsions with 
latex of nitrile rubber containir 
approximately 30-35% acrylonilrili 
The dispersed phases are matched t 
obtain transparent compositions um 
ful for (he manufacture of bottles an 
films. These polyblends has 
excellent impact strength, barrii 
properties, chemical resistance ar 
aging properties. 

The Indian packaging resin marki 
is dominated by ccllulosics. polyolefi 
films and vinyl chloride films. Hos 
ever, when ft comes to packaging < 
perishable goods, all these materia 
leave much to be desired. Cellule 
sics and polyolefinic films are high 
permeable to oxygen and carboi 
dioxide. Films based on vinyl chh 
ride resins have better barrier prope 
ties towards th»e gases. Howeve 
the recent concern around the wor 
regarding health hazards posed I 
the residual vinyl chloride znonom 
content in the film has cast doubt r 
garding its suitability as a food paci 
aging resin. Looked from this point 
view acrylonitrile ri^ barrier resii 
offer attractive possibilities in foe 
and beverage packaging industry. 

COKiMlM 

The incentive for continuing pr 
gress through research in polym 
science is mainly twofold; (a)econ 
mics, and (b) property. Consta 
search is on for reducing the prices 
presently available commercial po 
men. Tliis can be achieved 
improvemeU In existing 'process 
catalyst efficieocy and newer devel< 
menu in polymer proceaaing tecbi 
(Coniimitd on page U 






WHY DO ANIMALS MIGRATEP 

B.B. JANA 


There exists a relttionshlp between mignitioD of animals an 
weather^partlcularly the changes in temperature 


r HE word migmiion has been 
derived Trom the Latin migrara 
hich means passing from one place 
) another; animal migration means 
eriodic travelling of a spectes bet* 
een two localities. All groups of 
tiimals are prone to migration; the 
irds of northern hemisphere offer 
erhaps the best known example. 

It seems surprising how an animat 
nds its way from one station to the 
ther along its route. Scientists have 
een trying for a long time to know 
>e factors that influence animal 
ligration. It is thought that there 
lists a relationship between mig- 
UioQ and weather—particularly 
[langts in temperature. 

Migration in birds depends upon 
VO important factors, guidance and 
imului. Outdance during mig* 


ration is chiefly ioslmctive. In 1949, 
Gustav Kramer of Germany proved 
that birds could navigate by the sun. 
A bird flying south must have the sun 
at its left in the morning, directly 
under the sun at noon, and the sun 
at the right side in the afternoon. 
Birds keep the position of the sun in 
mind during migration. While 

flying at night they are similarly 
guided by stars. Experimental 
evidences in artificial planeurium 
have shown that the shifting 
of the position of the sun causes a 
change in the migratory pathways. 


Heavy clouds or fog. however, inte 
fere with migration in night. 

The nortb*to*sottth migrations > 
birds take place under stimulus fro 
the internal conditions of the gonad 
which are a fleeted by seasonal vai 
ations of light. If the gonads underj 
regression, the urge for migration 
not felt Sight plays an importa: 
role in affecting the pituitary glao' 
which in turn, stimulates the gonm 
which then affect the nervous syste 
and bring about the desire to migra 
and male. 

Soaring birds such as vultun 


Dr. iua it preteady woiluis at the Ukrsiaiaa ItcMarch lasdtuie of Fishcnca, Kiev*lH USSR. 


Hew pifeons home? 

^T^HE fflynrty <^boBuiif»« pi^oMi 
1 . like other Bigrikof> binit, is not 
yv( solved. Different thevies hnve 
betD put forwd «t different timet. 
In IM, GwsUv Kriaer of the Mu 
Planck Ifstitute for Marine Biology 
at Wilhdmshaven in Genoany 
demoiuiraled that birds indudiag 
pigeons use tun as a compass to 
delennine the accurate direction. 
But pi^om home even in a heavily 
overcast ntatber. Is the suD.lben 
essential for homeward onentalioo 
of a pt^n released at an unfamiliar 
site? Williams T. Keeton and his 
colleguts at the Biology Depart* 
ment, University of CoraeU, stu« 
died pigeon movement in relation to 
the earth's magnetic held. They 
conducted eiperimenu in sunny and 
overcast days on birds canyiof mag* 
oetk ban and birds carrying copper 
bars. In sunny days the birds had 
no difRculty In onentating tosrards 
home. In overcast days, the birds 
carrying magnets usually vanished 
randomly. whereas control birds with 
copper of the same size and weight 
oriented towards home. Similar 
results have been found by several 
other workers including Charles 
Wakots of the Stale University of 


New York at Stony Brook. S 
magnetk infonnatioo may play 
role in the pigeon navigation lyaien 
Similar Influences of magiKtic ftel< 
OB European robms by Freidrkl 
Merkel and Wolfing Wiltschl 
of the University of Frankfort ais 
OB ring billed gulls by WtUtar 
Sotriheni of Nonl»^ Illinois Uni 
versify, have iMo been reported. Tb 
studies on other ahemalrve o 
homtof continue. The landmarkt 
u leferenoe points to a bomiiv 
pigeon, do not serve an importan 
rote in the homing process. Th 
esperimels conducted by Schmid 
Koeing end HJ. Schlkhte of thi 
University of Gottiagen, by rekasini 
pigeons as far as go raiks away fron 
home, afkf imptaniing frosted con 
tact knses over their eyes, showet 
that pigeons oriented homeward 
and tanJed near then homes. Bcinf 
unabk to see the lof) they had to b 
pkked up and pul into their homes 
Other sindks that landmarkj 

play httk rok in pigeon homing 
It is corvduded that with eiperknct 
a pigBM karm to orkat accurate!] 
and that possibly there is more thsi 
one com piss system for delennioioi 
dnecskm. 


Z. I 







itio&t. Their nJ^tory bfbtviour 
)p6ire to be motivated by tempo- 
kture. Land crabi go to the sea to 
y eggs. For example, the robber 
‘abi (d/fgur larro) iiving in the 
irious islands of the Pacific and 
idian oceans can be seen moviog 
eadily in a straight line to the coast 
id into the water. After breeding, 
kcc rabs return to thir homes on land, 
has been found that tagged coastal 
'abi (Cancer maglster) (ravel as far 
(eighty miles in six months. The best 
10wn insect migration is of the 
onarch butterfly {OanauspUxippus), 
hich is widely distributed in the 
orld. It can migrate u pto 3,040 Km 
. the fall. By December, swarms of 
jtterflies are often seen flying across 
.e country side from some unknown 
ace in the north to seille on leaves 
id twigs of gardens. In West 
sDgal are captured hordes of danaid 
aterflies such as the plain tiger 
"ionaus chrysippus) the common 
ger (0. pkxippus) in fields and 
irdens of Sriniketan. They live 
lere throughout winter. In a 
onth's time in April the trees are 
:seried. In California, where it is 
le of the sights of the town, it is 
limated that 10,000 butterflies mass 
n five small branches selecting 
luaily the same branch each year. 

ligratory habits of vertebrates 

Among fishes different species 
I How different routes; some from 
lit to freshwater, a few from oft- 
lore to inshore, while many others 
om depths to the surface. 

Hilsa and salmon offer the best 
(town examples of migratory fishes 
I Indian waters. But all species do 
ot migrate. Only those hilsa which 
I't in the estuaries and in oceans 

sceod (he river water when tliey feel 

le urge to breed in the monsoon and 
inter. The fishes migrate exten- 
vely as much as 1280 Km in the 
fangetic systems and form a sub¬ 
ant ial fishery in as far north as 
.gra and Delhi. The hilsa slocks 


Gt the Oanga ia U.P. and Bihar, 
however, live always is fresh water 
without ever migrating to the sea. 
Similarly, the hilsa iir the Chilka 
lake? whereis a permanent rtsideot 
of the lake. 

Several other fishes migrate much 
in the saoM way as hilsa do. 
Such a travelling is called anadro- 
mous migration. In the spring, 
the Atlantic adult salmon travel 
several hundreds of miles in the river 
and seek a suiuble shallow area 
where rapid flow aerates the water, 
necessary for the embryo of the fish. 
After spawning most of the fish die; 
a few lucky ones however live to make 
the special trip back to the sea. The 
sea lamprey (Pe/ramyron marinus), 
an eel-like creature, is another well 
known example of anadromous 
migration. 

In distinct contrast to that of hilsn, 
eels exhibit a migration called cata- 
drofflous. Adult eels live in ponds, 


estoariei, rivers , and coastal wate 
of die tea. When about 60 cm loo 
the adults change their body colov 
and then undertake an extensi 
long journey of as much as 4,800 k 
to breed in the hot waters of Sargos 
and Caribbean Seas around Wt 
Indies. The American eel (Angui 
ip.), after remaining 7 to 12 years 
freshwater, gets ready to mate. T 
males and fensles start their fai 
journey to the Sargossa Sea to rea 
there in mid summer. There, afl 
spawning, the parents die. 

Amphiblaas 

As the name implies, the ampi 
bians such at toads, frogs, salama 
ders, newts and their kins lead 
double life, i.e., they are bom in wai 
and remain there until they ha 
developed lungs to breathe • 
land. Thereafter, they come to thi 
feeding ground on land and lal 
return to the water for breedie 
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fter being nourished three or four 
M on Und» the virgin newts 
>iturus virid€sctns) put on their 
’uth colour and go to water to 
»pulite in the early spring. An 
teresting example of animal mig- 
tion is that of giant salamander of 
pan (Mtgahbatrcc/ms J^pwicut). 
le adult malee in the mid summer 
ive their natural habitat of deep 
Duntain streams and go iipatream 
a very shallow place of about 
yOO ft above the sea level. There 
sy make home by digging burrow* 
the bank and wait for the female 


partners. After mating (he females 
go back to their feeding places, but 
the males return after 2 or 9 weeks 
to brood the eggs. 

RcftOce 

All the reptilian migratory species 
are marioe except the huge and long* 
lived Galapagos toit<ms (Testuio 
ttephaitcpus) whi^ live In the Gala* 
pago* TsUfMls off the coast of Ecua¬ 
dor. They exhibit altitudinal mig- 
ration. These giant tortoises breed 
in the sandy soil of level valleys in the 
^fiftf-rainy season. But with the 


arrival of dry seasons, they climb \ 
to higher altitudes of 2,000 ft or mo 
where the vegeulion is green. Ne 
spring, all the tortoises (young at 
old) descend to the original place. 

Every spring the green sea turtle 
(CftehnSa myths) Wave the ocean an 
tiavel up a stream for miles to hr 
a tuiuMe sandy fc«nk. Similar mij 
ration is also known among the sc 
snakes of the sub-family Laficaudinc 
which are common in and aroun 
Australia. Snakes of (he sub-famil 
Hy^phiftoe, which give birth t 
living ones, swim in long lines toe 
fro a breeding place of rocky isleh 

Aves 

Of all land creatures, birds ar 
unique for extensive travel bectus 
of their wings, but all birds do no 
migrate. Most migrations are lati 
ludinal, i.e., north and south. Vas 
land masses and wide feeding rone 
in the northern hemisphere offe 
ideal homes to them during summer 
Winter makes them uncontr^abk 
and so birds move southwards. Thi 
long disunce migrators therefore an 
the birds (hat like coot weather- 
definitely not of the freezing type 
On the otherhaod. birds that nest it 
warmer areas, u expected, do no 
migrate. 

Most bird migrants, generatior 
after generation, use the establishec 
pathways. They arrive and dis 
appear regularly 'according to tht 
calender*. Generally, most birdi 
prefer flock migration bu* migration! 
in pairs are also seen, fjome bird: 
migrate close to the earth and other 
at heights up to 3.000 or 5,000 ft, bu 
rarely higher. The speed of the 'mig 
ration front* averages about 4t) krr 
per day, althou^ some individual! 
fly as fast as 4S to 80 km per hour. 

Although we have only a few bir< 
sanctuaries in India. NaUsarovar, i 
pictui«s<iue lake in Gujarat, sall-kki 
atkd zoo*lake in Calcutta and som 
Other bird lanetuaries tn EUjasthai 
ara oonsidertd ideal booes for ou 
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Haffietic Mnse or^an ? 


\ FEW yean ago scientisUdebated 
whether or not any organism 


^ & whether or not any organism 
ould dated a magneiic field as 
i«ek as the earth’s (approximately 
lair a gauss). But now there are 
lues that there might exist a sense 
Tgan in certain organisms to delect 
he magnetic stimuli. The search for 
his sense organ has already started 
t many laboratories including the 
>epartment of Biology. Univenity 
if Cornell, U.S.A. Since the mag- 
etic flux can pass freely through 
iving tissues, the magnetic detec- 
ors might be expected to be located 
ny where inside the body. The 
uestion a*; to what a magnetic sense 
Tgan may look like, however, 
rmains unanswered. 

Martin Lindauer and Herman 
Martin of the University of Frankfurt 
ave demonstrated that honey bees 
ivc orientational responses to mag- 
ictic cues several thousand times 
re Aker than earth's field {ScifMi- 
'/ Amor icon. December 1974, p, 
(Ml. The responses of hooey bees 
i> magnetic cues now makes us 
rondcr if one gamma (10*^ gauss) 
kill prove to be the lowest limit. 

The studies of William T. 
Cccton and his colleagues of the 
orrkell University suggest that the 
nagnetJC detection sensitivity of 
Mgeuns titay rival that of hortey 
tecs. These workers, after a study 
tf ovci* three years, have found that 
luciuations of less than 100 gamma 
»r probably less than 40 gamma (in 
he earth’s magnetic held caused by 
olar flares, and sun spots) have a 
ciittll hut significant effect on the 
>igcon‘s initial behaviour at the 
clease site. 
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luesl birds in winieiN. As the 
vintcr approaches, thousands of 
;u)iK and flamingos migrate from 
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Manasarovar in the Himalayas to 
their most favourite lakes and return 
home in summer. The environ- 
mental disturbances, air pollutioA by 
factories, prt^use use of iniecticidei 
on crops, significant changes in the 
weather coodiboo (like short winters 
in (be last two ycaia) and structural 
changes in the landmarks, etc., some¬ 
times check their normaJ flights. 

The cuckoo which spends most part 
of the year in southeast Africa 
appears in spring in India where it 
breeds and lays eggs: of course, not 
in the nest of its own but in the nest 
of its foster parent, the crow. It is 
said lo cover a distance of as much as 
7200 km within a short period. 

A surprisio^y high record of mig¬ 
ration. scoring as much as 35,200 km 
is held by the areCic Cem {Sterne 
pareJisa). This graceful bird builds 
its rtesi on rocky and sandy coasts 
along northern Greenlaad (Fig. 3) or 
often around the Arctic and 

xpewds lest than four moaths in that 

regioQ. Hm it flies eastward to 
Dorthera Europe and soathward 
along the coast of Africa. Most of 
these birdi cross over to Brazil from 
Northern Africa and fly doam the 
South American coast to their Aataje- 


tic winter range. 

GMen plover {^fuvhiii sp.) staj 
from arctk Tundra and goes up to t 
plains of Argentina. Rulf breeds 
Siberia and travels lo Great Britai 
Africa, India and Ceylon, coven 
a distance of 9,600 km. Soi 
birds perform altitudinal migratio 
into mountain peaks for tbe susun 
and return lo the plains in winti 
Such roigrmtioQS occur in roo 
mountains and the Cascade Sier 
Nevada systems of Western Nor 


The giant Canada geese (Brw 
cmaderuu) forms a characteris 
V-shaped flock while flying. Th 
have a wide breeding range fro 
Arctk ctrde to Nortbern U.S. Sof 
of them nest in Alaska and pass tbi 
winter in Japan. 

Many waiN birds ako migri 
for considerable distances, pt^in 
(great shear water bird) breed t 
small idands tad migrate as hr 
Gfeealaod in May tad return af) 
a few moettbs covering a dkreiwy 
1280 km. 


-Migration is not so comomi 

, 

phenomenon among the 
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te belt estmpte of maouuluui mig- 
;ioft u furniibed by htiU. ]q the 
(them latitodei ts inecti db< 
pear id winter, the inecctTvoroyi 
ti hibcfnntc in Urge groups in 
lestooe caves or migrate to south, 
variety of bats. viz., red bat (Last- 
u 6oreaAj). Urger hairy bat (L. 
iertus) and silver haired bat (Z^s/- 
ycieris notivageans) make regular 
rth and south trips day and night. 
It, amazio^y. males and females 
ivel separately either in small or 
‘ge groups. 

MiUioni of bisoD {Bison bison) 
3ve north and south with the sea- 
os following definite routes. The 
*ge herds of American reindeer 
angifer orcikus) are still found 
the deep forests of Canada. Early 
August they collect in thousands 
d form somewhat circular pther* 
gs and start a counter-clockwise 
uth eastern migration. The follow- 
I spring, they return from the opp^ 
e direction covering a distance of 
few hundred milei. 

In wapitis (N. American deer 
rrims canadensis) the ooward 
umey is led by females while 
e back journey by the malei. 
bout the middle of September, 
males and their offspring begin to 
Bcend from the high mountain 
stures. which are later followed 
id joined by the bulls. All of them 
inter together in sheltered valleys. 
(soon as the snow begins to melt, 
e males start the back journey 
wards the summer range followed 


by females and the fiewly bore cnlve*. 

Among the moat ipecincuUr mass 
movements of Uiyt maemals are 
those of the true UriBhigi (Fig. 4). 
Their movemeBti a^r Interruptions 
ra ther than migratio ns. This mouse¬ 
like rodent (Zewrmussp.) dwells in (he 
highlands of Norway and Sweden. 
Over population in them is prevented 
by a mass movement towards the 
underlying regions. As they proceed, 
the animals disregard olMtacles in 
their paths, swim across rivers and 
even smalt lakes. Vast numbers are 
slaughtered by beasts, birds of prey, 
foMs, cats, etc. Others fall victim 
to a disease called lemming fever. 
When the survivors reach the coast 
they at once plunge into sea and 
are drowned. 

Most whales are inhabitants of 
cold waters and migrate seasona- 
ally towards warmer waters. The 
Urgest of the whales, the blue whale 
{Sibbaldus muscvlus), feeds on the 
plankton in Che cold waters of the 
Arctic or the Anarcik. When ice 
begins to form, they move towards 
the tropics where they eat little or 
nothing. The youngs are born in 
alternate years. Within a few 
months, they are able to accompany 
their mothers back to the polar 
regions to feed. 

Species of earless seals leave the 
water and spend a breeding season 
of several months on shore line, but 
the eared seals (CaBorbinus olascanus) 
find it enjoyable to make a long travel 
each year. Similar to wapits, the 


females and young males lead tfc 
journey and spend the winter akm 
the coast of California; the adu 
males stay further north but josn Ui 
Californian group in the spring. Tfa 
pregnant females give birth to Ihei 
youngs within a few days of arriva 
Curiously, soon after weaning thei 
calves they again become pregnan 
and start their home jouney. 
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Communication by satellites 


pitioo system for p6\ke io eeve 
tiaies of our couotry. The frequeu 
band of microwBve rtdiatimi nni 
from one billion to 10 billion cycl 
per second. 

The third transmissioo teebniq 
is called wave fuide. It is not 
widespread use. It is a simple holU 
tube about 5 cm in diameter whi 
transmits mtlUmetre waves wi 
frequency ranging from 30 billion 
90 billion cycles per second. H 
technique can carry more comm 
nicition traffic than the oth 
systems. The amplifiers in this ca 
are spaced out from 16 to 24 km apa 

The fourth and newest lo) 
distance communication techniqi 
involves the use of artificial satellite 


IJROM the dim dawn of the past 
down lo the present, man 
1 $ achieved much in the field of 
jmmunication. Today, the techno- 
kgy of long distance communication 
so improved that the whole globe 
contracted to a point by means of 
riificial satellites. 

oog distance commaaleatloe 

The working system of long 
istance communication is mainly 
r four kinds. The oldest is the 
>asia) cable system. It consists of 
copper tube. 9.6 ram in dia« 
etre, with a single copper wire 
mductor at the centre, the cables 
T generally gathered in bundles of 
lo 20. Amplifying equipment must 
t located every three or five kilo- 
letres along the cable depending 
;>on the amount of communication 
affic lo be carried out. Indian Post 
)d Telegraph Department has set up 
ich systems in several parts of our 
)untry and is now carrying out such 
orks along Benares to Cape Como- 
n National Highways of Number 
»ven in Tamil Nadu. Coaxial cables 
^rmally carry raaio waves with 
avelengths from 600 to !5 metres. 

second type of long distance 
) m m un ica tion is the tra nsen ission of 
licrowaves through air by means of 
itcrowave radio relay towers, spaced 


At present. National Aeronautic 
some 30 to 50 kilometres apart* and Space Administration (NASv 
This system exists in many parts of the U.S. has put into orbit tl 
of Irtdia. Bharat Electronics Ltd. Application Technology Satellite ( 
(BEL) has set up an efficienl and TS) from Cape Kennedy, one of tl 
sophisticated micro wive communi- most powerful communication sat< 
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Us launched so far. Under some 
greements wich U.S., Indra is now 
making use of ATS-6 saullite 
irogram me. Com mu n ication> wise* 
his programme, namely. Satellite 
nstruaiona) Television Experiment 
SITE), is useful for the villages of 
m country. 

Tefercnce far sateUltca 

Satellites offer a good solution to 
he crowding of earth-based channels 
•T communications r wines, cables and 
•'avet. The solid conductor system 
wires and cables) has been replaced 
*y radio communication (waves), 
'lowever, this method has the dis* 
idvantage that high freduency radio 
vave (3-30 mega cycles per second) 


Corwly ipocce, cmU «o*tr (b* gSobt 

can travel from one point on the 
earth's surface to another only by 
reflections from the ionosphere. Such 
radio signals are therefore interrupt¬ 
ed by ionospheric disturbances like 
solar wind. Moreover, radio waves 
of higher frequencies (30-3000 mega 
cycles per second) are not reflected by 
iono^hcre and so are reliable only 
between stations in line of sight of 
each other* these are severely limited 
by the curvature of the earth (Pig. 1). 
On the contrary, a satellite, at an 
altitude of hundreds of thousands of 
kilometen above the ground, has in 
its line of si^t a considerable area of 
the earth's surface, andean, therefore, 
relay signals from one earth station 
to another without any disturbance. 


Because of these facts a satellite 
r^referrtd for long distance commun 
cation. 

CniamimieatfoB MiaUltca 
Communication satellites arc < 
two kinds hy design and actioi 
namely, passive satellite and acth 
satellite. A passive satellite do< 
not amplify but only reflects tt 
incident signal from the groun 
station. Reflecting part of sue 
satellites has aluminium coatini 
supported on a thin plasti 
flim. In the case of active satellM 
there are electronic equipments an 
powerful antennas which receive ih 
telephonic and radio signals, T.\ 
pictures, etc., and amplify an 
retransmit them. Communicatio 
satellites Echo*! and // belong t 
passive satellite type while ATS* 
over Indian Ocean is an active typ 
with sophisticated equipments. 

Communication satellites can als 
be classified according to their orbili 
A satellite that orbits very close t 
the earth covers up a smaller are 
compared to one at a greater heigh' 
So a few satellites need be in orb 
if the height is greater. A satellih 
at a height about 35,680 km in 
circular path over the equalorh 
orbit, synchronises with the roU 
tion of the earth. Such a sa tel fit 
is called a stationary satellite. It 
because the satellite remains in th 
same part of the sky as seen from (h 
earth. At this height, three un 
formly spaced satellites may Y 
equatorial or inclined. Moreove 
depending on the design, size an 
nature of the satellites they wi 
either be spin-stabilised or gravit; 
gradient-stabilised or geosiationar 
Most of the satellites are spheric 
or drum-like in shape. When tl 
mass of the satellite is uniform 
distribuUd about its axis of rotatio 
it becomes both spin stabilized ar 
gravit>'*gradient stabilized, so that I 
period of rotation about its ax 
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emains constant nnd its aifs of 
otaiion keeps a constant slope with 
he surface of the earth. This 
irrangement helps maintain the 
iame desired orientsition of antennas, 
adittlion detectors, cameras, etc.. 
Uted to the satellite A synchront- 
ed satellite with the rotation of the 
:arih Is gcosynchronised and hence 
% known as a geostationary or 
stationary satellite. 

The power supply necessary to 
ipcrate the elecironic equipment is 
elativcly large. Thousands of solar 
ells are required for the production 
)r power. Storage batteries are 
equired for the storage of power for 
he period when the satellite is in the 
hadow of the earth. This solar 
>ower supply unit is well protected 
rom the eruption of ionic flow (solar 
vind) rn the magnetosphere around 
he earth: otherwise, a heavy flow of 
urrent due to this eruption can 
lamage the transistor circuits in the 
aieliiie. For example, the command 
lecoders of communication satellite 
reisfar-/ failed after several months, 
rhe failure was attributed to the 
lamage to the satellite transistors by 
he high concentration of electrons 
n the region of the magnetosphere 
hrough which the orbit passed. 

The transmission by communica> 
ion satellite is of the same kind as 
he illumination of earth by the moon, 
he natural satellite of the earth. The 
Btellites are provided with powerful 
pherical antennas which receive the 
slephone, teletype, radio signals and 
slevision pictures from the earth 
tation and then send them back to 
he earth. For this purpose, it uses 
s sophisticated transponder systems, 
/hich consists of electronic devices 
or analysing tlie messages received 
nd their retransmission (Fig. 3). 
;ome communication satellites, for 
nsiance /tWay-/, have two'irans- 
tender systems as one nay fall to 
vork sometime. Each one has enough 
olar cells to operate lUwatl trans¬ 




mitter. Rehy^I is designed to handle 
eitfaer 300 one-way telephone com- 
muncaiions« or one T.V. channel, 
or 12 two-way telephone com¬ 
munications. It has efficiently been 
used for irans-oceanic telephone and 
television transmissions as well as 
teletype and facsimile transmissions. 

Role of cofOMBicatioa aateJNlo 
The comm un teal ion satellites of 
different kinds play an important and 
wonderful role in the held of long 
distance communkatlon. In 1960, 
the flrsi communication satellite 
Echo*! was used to reflect and receive 
the laser signal from the moon, and 
therefrom the distance between the 
moon and the earth was accurately 
measured. 


The Early Bird or Ecfio~ll we 
floated in 1965. It is the world 
first commercial cotnmunicatit 
satellite owned by the tntemaiion 
Tele-Communication Satellite Co 
sortium and is still operating 
35,680 km above the equator ai 
the Atlantic Ocean off the ea 
coast of Brazil. Jl receives at 
transmits television and telephoi 
calls between North America ai 
Europe. 

The satellite'5>n. Com.-/ had 
transponders different types; o 
used for two-way telephone convi 
satioos and the other for simultanto 
one-way telephone conversations 
well as facsimile and teletype trgi 
. mission. Syn. Com.-// was used 
televise the 1964 Olympic gan 
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rooB Jiptn to the United Suiee» am! 
terefore uied e diSereot freqoency 
n ooe of itt truttpoAdm. 

A.T.S.-}, bunched m 1966, b a 
eoitatiooary eateUite. It rapidly 
itablished corarnusicatioo with 
ircrafl need ooly to choose 
he coned V.H.F. (Very High Fie- 
uency) to link with it. It b also 
quipped to monitor weather conti- 
uoualy. Because of iu poahion, iu 
leather signals vkw half the earth, 
he photographic data by A.T.S.*l 
re used for developing mathematical 
todels of the carth*t atmosphere for 
tore accurate and long term 
either forecasts. 

The Cemtat Ce. inaugurated on 
6tb January 1967 a commercial 
ommunication service beiwten the 
I.S. and the Far East to reby leb- 
hone, tele vision and other data. 
lASA made use of this for the 
kpollo programme. The same Con- 
any has used two saiellitet over 
abntic, two over Pad6c and one 
ver Indian Ocean. Each satellite 
as a capacity of 1200 telephone 
ircuils or four TV. channels or any 
ilermediate combinations. 

The communication satellite 
which is of the most 
dvanced and powerful type, was 
sni into orbit in December 1969. 

1 is a switch board reby for 
ommunications beineen South 
America. United States and Canada. 
Europe, Africa, the near East, India 
nd Grvenbnd. 

Satellites have continuously been 
trojected into the space from 1957- • 
irst by Russia ttrtd now ten couatnes. 
ndttdmg I ndw. Them countries 
tave tahen active part in doing so 
or various purposes, like coaaiu- 
ikaiion, space rwarvh and qmce 
ravel. In future each country will 
tave its own pad. big or small for 
auoching their own mlallites of aO 
Kinds and spaceersB. 

Now difleient kinds of satellites 


are ofbhing the earth not oahf for 
communkati^ and space research, 
but also for studies in various disci* 
plines,e.g., biology, communkation. 
geodesy, meteorology and naviga* 
tkm. For space travel. Russia and 
United States have bunched a num¬ 
ber of spacecraB. both manned and 
unmanned. The space just around 
(he earth will continue to be polluted, 
and so disturbances lo (he future 
communication system will increase. 

Future communkalion system 


O N August 14, bsl the 

University of California at Ber* 
keley artd the American Institute of 
Physks in New York jointly announ¬ 
ced the discovery of a particle repre¬ 
senting the basic unit of magnetism 
(5.X., September. 1975, 5. A.. Feb.. 
76). It was called ntagnelk mono- 
pok. since it eaens a magnetic force 
of only one pobrily: north or south 
Normal magnets are bipobr. This 
discovery was greeted as "one of the 
major scientific events of the century ." 
Immedbicly upon (he publication of 
(he evidence in support of the dis¬ 
covery in the Miyskof Rerirw Letters 
(August 25. 1975), some doubt was 
cast on its validrty because of some 
incorrect information about the 
experimental apparatus. While Dr. 
P.B. Prke of the UnivervUy of Cali- 
fomb, who headed the team that 
reported the discovery, argued the 
validity of the dkeovery. other pro- 
miiwnt physicists challenged its 
validity. Observation of the pnrtkle 
had been made with a massive stack 
of pbstk sheets, eraukioo and other 
d ct ectori suspended from a balloon 
over Iowa to detect higb-energy 
partiebs or counk rays from space. 


should not only be efficient ai 
economic but also be free fro 
pollution. So the physicists at 
engineers have rnarked off bs 
beam (Ughi Amplification by Stim 
bled Emission of Radiiiion) as tl 
fuCura toot for long distance comm 
nicadon. 

T, MARIMUTh 
Asstt. of Physi 
Af.XI.r. HintiuCoUe^e. Tirwiet^efh 

Tamil Not 


Considering the various property 
of (he deteclori, it was concluded t 
Df. Price and his colleagues (hat oi 
pankle tract that had penetrated tl 
entire array could have been Ic 
only by a monopole passing Ihrouf 
it. Now ii is known that the thici 
ness of (he material penetrated I 
the partkie was too great for su< 
a conclusion. In fact, the widi 
of iTw detectors was thinrier the 
described in the discovery repoi 
This discrepancy in the width of tl 
detectors leads to other conclusio 
as Dr. Luis W. Alvars7, Nobel laur 
ate of the same Berkeley campus ' 
the University of California, suggest 
(hat the particle was a platinu 
atom that, as It passed through tl 
sbek of detectors, broke into • 
osmium nucleus and then into 
tantalum nucleus. Dr. Price, co 
ceding the error in the width of t 
detectors, said that it did not inva 
date his conclusion. Further inves 
gation is now under way (o reexami 
the whole experiment. 

R.K. DAT 
Beth fvae! Metlkal Cm 
New York. N.Y. /dd 
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Parity non*conservation and 
weak interactions 


H OW do we designate our right 
end [eft sides? Although the 
ueslion sounds simple, to find a 
iitable rejoinder is not in easy 
isk. The distinction of left side 
om the right side is anybody's 
ness. Perhaps it is the fint lesson 
> a child in his acquaintance with 
lis vast nature. Yet a good scienti- 
: theory, which could explain such 
naive concept, was to remain 
lexplored for a long time till Profs, 
iung Dao Lee and Chen Ning Yang, 
/o Chinese physicists working in 
S.A.. gave a relevant theory in 
’56, which subsequently obtained 
r them the Nobel Prize in physics 
1957. They discovered that the 
ft*right symmetry, which ii valid 
most of the interactions that occur 
nature, is completely invalid in the 
)main of weak interaction. 

rminetry 

In order to view the phenomenon 
*ar]y, first we shall have to know 
^at symmetry is. A pattern is 
mmetric if its right side is an exact 
production of the left side, or vice 
rsa. Also, an object is symmetrical 
(here is something we can do to it 
id after doing that we can't find 
ly change in that object. 

Nature loves symmetry. Most of 
t objects found in nature have 
rious types of sym metrics. Perhaps 
e most common symmetrical object 
a sphere, and majority of objects 
und in nature are spherical—for 
ample, from the tiny dew drops to 
irs. planets, etc., all display sphen> 

I symmetries. Also the crystals 
und in rocks have various types of 
mmetries. Our body has a kind 
symmetry, i.e., bilateral symmetry: 
Let us now imagine a girl standing 


in front of a mirror. According to 
the definition of symmetiy given 
above, there should not be any means 
to distinguish the girl from her 
mirror ima^. However, from our 
everyday experience, we may say that, 
what is seen on the right side of the 
girl would be transfer^ to the left 
side of the mirror image. If the 
girl in our observation wears a 
wristwatch on the left wrist, the 
image would have it on the right 
wrist which ultimately distinguishes 
the girl from her mirror image. But 
according to physics, the concept of 
symmetry is mudi more wide than as 
described here. To wear a wrist 
watch on the right band is not a 
difficult job, that la, the mirror iouge 
in this case is not an impossible event. 
Therefore, the events in both sides of 
the mirror have counterparts in our 
real pbyakal worid, which is an 
essential condition for symmetry 
between the object and the mirror 
image. However, there is a serious 
question which physics has to answer: 
Is that all we see in a mirror possible 
in nature? Here physics must say 
*yes' if it has to keep symmetry valid. 
But as we bqve seen, if we take a 
watch or an open book before a 
mirror, we find something unusual. 
The hands of the clock move anti¬ 
clockwise; the scripts in the hook 
or the numben indicating time in 
the watch look like something which 
wc never use in practice (Fig. 1). 

A moment's reflection, however, 
reveals that the problem we have 
just encountered is a matter of 

convention only. We are in habit of 
.using clocks whose hands rotate 
clockwise. But to make a dodc with 
the bands routing anti<lockwiie 
and whose performance is otherwise 

m 


normal is not Impossible. The saj 
is true for the type of scripts. Tb 
may exist some dvillzation wh< 
writings are just our mirror scrip 
In physics, this type of symmetry 
des^bed above is called parii 
Previously it has been accepted f 
a long time that, like energy ai 
momentum, parity is also conservi 
in all physical processes, so to sa 
physics shows complete symmet 
between left and right-bandt 
systems. This is known as Mact 
principle. 

The conservation of parity wi 
first observed by O. Laporte in 194 
while studying the energy levels < 
complex atoms. Later in 1927, E.l 
Winger gave a significant interpret 
tion of Laporte's observation, ar 
stated that the conservation of parii 
is a direct consequence of left-rigi 
symmetry. In this manner, the coi 
servatton of parity was given a wan 
reception in physics as a basic )a 
of nature, and was applied to seven 
fields of physics, noubly in nudes 
reaction, meson interaction, ^-deca* 
slrenge-particle physics. In son 
cases, however, the law is fouo 
unsuitable, as discussed belov 

Taa^theSa pszzle 

The confounding part of the dram 
began when two giant particle acceh 
rators in the U.S.A., the Cosmotron i 
Brookhaven and Bevatroo at Berkele 
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oduced tome K-metont which 
etdy embtrraMed the physicists, 
ley called it Tau-theta puzzle*, 
le K-mesont so produced displayed 
me queer behaviour. Some K* 
esons were found to decay in the 
llowiog mode 

e*-*** + *- + 9* 

hich were called r-mesons, while 
Jien were found to disintegrate as 

id were called P^mesons. The 
and 0 mesons have equal masses, 
lie life-span of the two particles 
iriog which they disintegnte were 
so found to be equal. This and a 
>st of other experimeats led physl- 
sts to conclude that the two particles 
e identical. Now the puzzling 
lestion is: How a particle could 
cay at one momeot into an even 
irity state, while at another into an 
Id parity state? It may possible 
; that the decay loteractions do not 
»Aserve parity. But then the law 
parity conservation had such a 
m basis that nobody dared to 
leiiion the validity of this law in 
lysles. The challea^e was taken up 


by Profs. Lee and Yang. They began 
to scrutinise in detail all the experi¬ 
mental knowledge gathered regarding 
parity<onservation. 

There are four types of bask forces 
or interactions known to exist in 
nature These are given in the Table 
I below. Except weak interactions, 
Yang and Lee found impressive 
evidnees for the validity of parity- 
conservation in aU other cates. In 
weak interactions lot of inform¬ 
ation. obtained mostly from experi¬ 
mental observations, was available. 
But nobody, however, had ever 
tried to verify the validity of 
parity«conservatioD in the case of 
weak interactions. These weak in¬ 
teractions are responsible for the 
slow disintegration of elementary 
particles, e g., ^-decay, muon decay, 
pion decay, etc. After a deUiled 
study of the weak interaction 
processes. Drt. Lee and Yang boldly 
declared that parity in this process 
is not conserved. 

Beta decay 

This phenomenon essentially con¬ 


sists of the emission of electrons ( 
positrons) by a radioactive nucleii 
The process has some resemblance 
the emission of photons by an ator 
There are no photons in an aloo 
a photon is created from vacuum i 
an atom makes transition from oi 
energy state to another. In a simile 
manner, a nucleus does not conta 
electrons, they are created in ^-deo 
process. The.emission of clectroi 
in this process is also accompanir 
by the emission of another panic 
called neutrino (v). In the proce 
of ^-decay. a nuclear neutron (i 
transforms into a proton (p), a 
electron (e*) and antineutrino (v) 
n -► p -f e" + V 

Similarly, the emission of positroi 
in ^-decay should be considered i 
the transformation of a proton (p 
into a neutron (n). a positron (e* 
and a neutrino (v): 
p ^ n + e^ -I- V 

This ^-decay process was chose 
to perform the crucial test of dele 
mining the validity of parity-coi 
servation. Radioactive Co** wi 
selected for this purpose. 

Co** experlmcwt 

In the National Bureau 
Standards in U.S.A., Madam C. 
Wu, another Chinese physicis 
and her associates (Ambler, Haywar 
Hoppes and Hudson) performed tl 
remarkable experiment, and dete 
mined the asymmetry observed i 
the emission of ^-particles. Tt 
main theme of the experiment was i 
line up the spins of the ^-emitlir 
nuclides along the same axis, and t 
detennine whether the same numbi 
of ^-particles were emitted in boi 
directions along the axis. In ord 
to prevent disruption of the order 
orientation among the nuclides di 
to the thermal agitation, the cryst 
was cooled to an extremely low ter 
peraiute (only O.OrC above the ai 
solute zero). It was found th 
most of the ^particles were emitt 
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I the direction opposite to that of 
le nuclear spin. Therefore, Wu 
td her associates concluded that 
om the viewpoint of p-emisMon, 
le Co^ nucleus has an intrinsi' 
illy left-handed spin. The pre- 
reniial direction of the emission of 
cctrons, i.e, the itp-down asymmetry 
I this experiment proves beyond 
>ubt that lef^ can be disiingurshed 
om right, which hnally overthrows 
irity from (he weak interaction 
)main of physics. 

The significance of the above re- 
itt may be explairwd in the follow- 
g manner. Fig. 2 indicates the 
sintegration of a v* meson into 
meson and a neutrino. Ac- 
irdiogyto the conservation of angu- 
r momentum, the resulting two 
irhcles muvt spin ir> opposite direc¬ 
ts. Now it is known that the 
:l»cily of a i>cutrmo is neplive; 
Inch means that an imaginary dot 
ark on a neutrino would advance 
would a left-handed screw. The 


helicity of an autineutrino is posi¬ 
tive, which means in this case the 
dot mark advances as a right-handed 
screw advances. When theM* v 

reaction is observed in a mirror 
MM„ the observed image could 
never be made to occur in reaJhy. 
In this image, the hebdty of a neu¬ 
trino U found to be positive which 
the nature forbids. Hence, in Ibis 
case, the symmetry is found to be 
lost which was franlically sought 
for so long. 

Many observations of this type 
have been made so far, e.g.. the disin- 
legntion of a p-meson into an elec¬ 
tron and two neutrinos, the decay 
of A'partis into a proton and a 
T- meson, the disintegration of 
Z*pariicke. etc. All experimenis are 
good evidences in abolishing lefl- 
right symmetry in weak interactions. 
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Basic aspects of ultrasonics 


J LTRASONICS is the name given 
to vibraiional waves of a fre- 
icncy above the hen ring range of I he 
irmal human ear (above 16 kHz to 
1 kHz). The study and applicjilions 
ultrasonics is broadly divided into 
'o sections, one dealing with low- 
nplitude (i e.. low energy) vibrations 
id the other with high energies. 

the propagation of ultrasonic 
aves of tow amplitude the medium 
les not undergo any change perma- 
;fitly, rather it alTects the wave 
upagatioii. In hi^h-energy appti- 
lions, on the other hand, the waves 
ing about a permanent change in 
e medium through which they pass. 
Techniques based on low-ampli* 
de waves are utilised in thickness 
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measurements, determination of 
elastic constants, flaw detection and 
instrurnentaiion flike the design of 
delay linc.s for computers), etc. 
Ulrrasonic cleaning, drilling, chemi¬ 
cal processes and the production of 
emulsions arc examples of high- 
energy wave applications. Fre¬ 
quencies of KhlOO kHz are used for 
industrial applications like sound 
ran^ng. submarine signalling and 
communication. Frequencies of 10 
kHz to 20 mHz find use in testing 
dialer Hits fur fiaws, chemical treat- 
mcDt. medical therapy, etc 

UltrasoM oacUadw 
Presence of a material medium is a 
necessary condition for tiansmUsioo 

M2 


of acoustic waves. The frrquexKy < 
a sound wave is charactenaed by 
definite wavelength. The veiodty < 
propagation of uftraaound (vX tl 
wavelength (h) and the frequent 
(/) are related as 

The upper limit of the frequency < 
ultrasonic oscillations obtained ao fi 
is around 10* Hz. lo air, for uJtn 
sonic waves of frequency of KF H; 
the wavefength contsponds < 
about 30x*l0'^. The waveleogt 
of light rays in the visible regioo lit 
in the range of 4 to 8xl0“*cn 
HeiKe, ultrasonica with such sna 
wavelength resemble light wawtf 
and so the laws of geometrical optic 
are applicable lo it 

Types of ultrasonk warn 

Almost any material that ha 
elastkiiy can propagate iiltrasoni 
waves. A s the ultrasonic wave passe 
through the medium il causes specifi 
movements in the elements of th 
medium. Depending on the direc 
tion of the movement, the propagato 
wave is termed as longitudinal o 
transverse or shear waves. Sine 
the oscillations of a particle in th 
elastic medium take place in tb 
direction of the restoring force i; 
liquids and gases, a wave can b 
propagated only in the direction o 
the oscillatory motion of the particle; 
i.e.. only longitudinal wives can b 
propagated. In the propagation c 
such longitudinal waves there arts 
in the medium sucoessive regiofis o 
compression and rarefactioD. Ji 
solids, both longitudifuU and tram 
verse waves can be propagated. Ij 
a purely transverse wave, compressioi 
and rarefaction of the medium do no 
occur. Any of these types of wave 
may he continuous, modulated o 
pulsed. The pulse, for eumpk 
consists of a short train of wave 
through the medium. The mos 
common example of a pulse, oAei 
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sed, is the ooe in which it builds up 
ipidly end decays exponentially. 

Plane, cylindrical and spherical 
aves are distinguished by the nature 
f their trajectories of propagation. 

I purely spherical wave is one pro- 
ttced by a point source, and which 
sreads out uniformly in alt direc- 
ons. The control of wave direc- 
on being very important, such 
aves are rarely used in practice, 
hey are used only in certain speci* 
lis^ applications and in theoretical 
inside rat ions of ultrasonic effects. 
1 practice, if the radius of the radi- 
tor (r) is small in comparison with 
le wavelength (h) of the sound 
idlated by it, a spherical wave 
ccurs. At a given frequency, with an 
icrease in the radius of the transducer 
le spherical wave transforms into 

plane wave. So, if h is small in 
)mparison with r, a plane wave will 
ccur. A plane wave is the one 
hose amplitude over a plane, per- 
endicular to the direction of propa- 
Btion of the wave, is uniform. Roth 
le size of the vibrating area and the 
isUnce that the waves have travelled 
ifluence the shape of the wavefront, 
lenerally the wave becomes more 
early plane as the distance of travel 
tcreases. 

As the compressions and rare- 
ictions at every point of the medium, 
ay a gas or a liquid, occur during 
oe ultrasonic propagation, heating 
nd cooling take place. But as the 
iiermal conductivity of gases and 
quids is small, the temperature 
actuations cannot penetrate the 
urrounding medium, and effectually 
tere is no exchange of heat. 

Ultrasonic waves are reflected in 
sveral ways depending upon the 
ature. size, shape and orientation 
f the obstacle. The rebtioD of titt 
lavelength to the sixe of the obstacle 
eems to play an important role. If 
surface is flat and large with 
espect to the wavelength, the reflec- 
ion is essentially specular. A Dat 


surface may be considered as one 
where the irregularities are not 
greater than l/20h. When the sur¬ 
face is irregular, the energy is broken 
up and reflected haphazardly. !f the 
obstacle is very small, e.g . only a 
small fraction of a wavelength, there 
will be no real reflection. The ultra¬ 
sonic waves in such a case pass 
arourvd the obstacle and come 
together behind it as though there 
were no interference. Obstacle in such 
cases may also be small bubbles, air 
pockets or impurities in an otherwise 
uniform solid medium. If there are 
enough of small irKluiions or obsta¬ 
cles, a large proportion of the energy 
may be scattered without atry reflec¬ 
tion and the energy will merely dis¬ 
appear within the medium. This is 
similar to the scattering of light by 
dust or fog partidcs in air. Diff¬ 
raction of ultrasonic waves also 
occurs analogous to light waves. 


Beamlag effects 

Ultrasonic waves propagate 
through a medium with rery little di¬ 
vergence. provided the source of vibra¬ 
tion generates pure sine waves <waves 
withtraftsvene vibrations of a simple 
harmonic type). But in reality this 
condition is not completely realised 
and there is always some spreading. 
The spread Is a function of the ratio, 

where > is the wavelength of the 

ultrasonic wave and D is the diameter 
of the source. With a circular quartz 
crystal transducer of planar form 
the energy is located in a cone having 
its half angle of spread, 4, given by 

SineA.I.2 ^ 

The way io which a crystal Is mounted 
affects its beaming characteristics by 
restraining tlw ed^. Vibrations at 
the edges produce secondary beams 
but normally they are of little signi¬ 
ficance. 


Ultras siievdodty 
Measurement of ultrasonic velo¬ 


cities in liquids arc compuruiivc 
easier than in gases. The crysii 
transducers and liquid media do m 
differ much from one another. $ 
(hats good acousticcoupriing is easii 
obta i ned. Ho we ve r. whe n e led r o I y i 
solutions are used, care is taken 
there be no possibility of shor 
circuiting the transducer elecirod< 
through the solution. 

Three methods of measuremem 
are mainly used. The optical dirrrfl< 
tion method is based on the princ 
pie that a parallel beam of ultrasoni 
waves in a transparent medium ad 
as a diffraction grating for ligh 
For a stationary wjive system, th 
periodic variation of refractive inde 
produces a grating with a spacing c 

where h istheacouslicwavelcngtl 

For a progressive wave system, ih 
grating has a spacing of h hiiJ 
moves with the speed of souni 
The speed of sound, however, i 
negligible compared with lhai ( 
light, and hence the grating is viriiiull 
stationary. This method pi^ssessc 
the distincl advantage that the ultr« 
sonic field is not disturbed by lli 
insertion of bodie*) (such a 
detectors) mto the wave pattern. 

The interferometer method is use 
for liquids and gases. An tiltr« 
sonic interferometer is based on th 
principle of reflection of waves bac 
to their source by a plane reflectoi 
By moAng the reflector resonance 
are noted. These can be studied b 
recording the sudden changes in th 
current that flows in (he electrics 
parts of the detector system. Iniei 
ferometers can be of fixed path c 
variable path type. For liquid: 
particularly when they are coioufe< 
a variable path interferometer 
suitable. 

In the pulse technique a short trai 
of ultrasonic waves is sent throug 
the medium to a receiver. Tf 
receiver is placed at a measured di: 
tance from the source. Prom (1 
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irm of (ravel of (he pulse and the 
'oustic path length, (he speed of 
>und m the medium is determir^. 
Wiih the exception of water, for alt 
)uids (he uUrasonic velocity decrea* 
s with increasing temperature. 

' water, with increasing (emp- 
a lure (he velocity of sound increases 
It it reaches a maximum at a tempe- 
ture in (he range 75—85 and then 
creases. With increasing pressure 
e velocity of sound increases almost 
learly. 

Investigations have established that 
aqueous solutions of electrolytes, 
e velocity of sound is approximately 
linear function of (he concentration, 
lie ions of a strong electrolyte when 
ssolved in water orient the water 
olecules in their immediate vicinity 
rcause of the strong electric field 
ound each ion. The increased 
essure near the ions leads to a 
larp reduction in the compressi- 
lity. The ion with the .solvent 
olecuie has, therefore, eero coefh- 
. nt of compressibility. The pre- 
n<*e of such incompressible spheres 
tds to nn over all decrease in the 
mprcssihility coefficicni which 
anifesis as an increase in the 
locity of sound. This fact is used 
determining the hydraiion 
imhers of ions. 

>sorprinii of uNraaonic waves 
Adenuaiion studies with ultra- 
nic waves yield valuable infor* 
ilion about (he physical properties 
the medium of propagation. 
:)sorpiion due to scattering can 
Jicatc* factors such as grain size 
polycrystals and the densities and 
!es of aerosols and hydrosols. 

When an ultrasonic wave passes 
rough it liquid medium, during the 
sill VC half-cycle (stress), energy is 
sorbed, and during the negative 
If-cycle. energy is given up. For 
IS exchange ofenergy a finite period 
time is required, which depends on 
i exact processes occurring in the 


medium duirog the half cyctea. tlus 
phenomenon kads to absorption of 
energy due to a time lag m 
energy exchanges between the neigh¬ 
bouring molecules in the liquid, and 
is known as relaxatioQ ab^rptioo. 

In associated liquids similar 
to water—the alcohols, ^ycerol 
and other liquids with large 
intermolecular forces, the excess a^ 
sorption has been shown to be caused 
by structural or volume relaxation. 

Saaaivnfaeaecoee 

Of all the elfecls associated with 
the passage of an intense ultrasonic 
wave through a liquid, the production 
of cavitation is probably the widest 
known but the least understood. The 
action of cavitation in a number of 
liquids has been observed to be 
accompanied by a luminescent effect. 


H ICH level computer languages 
are developed to lake advantage 
of the capacities of the powerful 
computer systems that are now being 
developed, to make programming 
easier for the users and to establish 
an effective man-machine communi¬ 
cation. Ii is with these objectives 
that PL/1 (Public Language/!) 
was developed in 1964 by IBM, 
one of the pioneers in the computer 
field. PL/1 is the most versatile 
computer Unguage that has been 
developed so far and its features 
provide a range of ai^icaiion not 
possible to any other single language. 

Whereas Fortran and Algol are spe 
cially suited only for sclentifk appli¬ 
cations, Cobol only for business and 
commercial ap^ications, PL/1 aims 
at breaking (he barrier between com¬ 
mercial and scientific languages by 
providing a single unified language 


A weak ^ow is observed near an ai 
water interface and in a itiading wa' 
system. It has been observed th 
luminescence occurs in the pieseo 
of oxygen or nitrogen in lolutjc 
form, and that intense lunioeacen 
occurs in water at temperatures nei 
the freezing point, diaappearii 
altogether above 40^C. Quanl 
tative estimations of the ioiensi' 
of luminescence produced in a dud 
ber of different organic liquids hai 
shown that the luminous inteosity 
proportional to the product of dipo 
moment and the viscosity of tl 
liquid. It has been establisbe* 
however, that lumirwscence does n^ 
occur if cavitation is absent. 

C.V. SuaVAKADAYAN 
J. Kuppusai 
Centra! Eleefro-Chemical Reuart 

Insti/ute, Karaiku 


suited for all purposes. Some < 
ihe salient features of PL/1 can h 
summarised as follows: 

**Catering to the novice" it or 
of (he most attractive features of th 
PL/1 language. A programmer ca 
use the language at his owd level c 
experience and need not know th 
most sophisticated features of PL/1 
Every option is given 
'default* interpretation, that wou1< 
be most useful to the pre 
grammer who is ignoianl of Ih 
cx^'^nce of the option- For ex 
ample, if one writes a program as 
PUT DATA (A, B). where ^ 

may be a decimal number of valw 
0-00004 and B may be an intege 
number of value 275. The PL/ 
compiler has built-in provision t< 
give Ihe results of A and B in i 
format most appropriate to ihi 
situation. If specific instruction 
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A - 2.0f B • 5.0, C • 3*0| 

RW 12 If if It 

ROM 11 I 

oooooooooooo(KK)oo#iooooooooooo#tooooooooocKX)fc<x)Dooooooooooooo^ 

iiiiiiiiiiuiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiniiiiiiiiiiiiiiiiiiiiiiiiiiiiiii 

222222222222222t22222222t2222222222222222222?22222222222222222222222222222222222 

3333^33331351l33l3l3333313i33l3i333333f3l3M333333333333333333533333333333133333 


5555555555555555555555555555I5555555555553555555555555555555555W535555555W555 

6666666666666666e6666666666666666666666666666966666666$66$6666$66666666666666666 

7T77777777777777777777777777T77T777777777777777777777T777n777777777777777777777 

S88d838dSdd8diddidiSdSdS8ai8dI6lddd6d858id8I8I8ddd88dd888de8d8d68Sd8dd668868d68d 

9999999999999999999999999999999999999^999999999999999 




id been given to give the result io 
ny other formet, the same will be 
nplemented. The compiler option 
implemented only when the pro- 
rammer has not given his option 
»r the output of the result. 

Unlike Fortran and Cobol no 
teciel coding form ii necessary for 
ritingPL/l programs. The program 
m be punched anywhere between 
>lumns 2 and 72. Statements can 
;gin at any column and even two 
r more statements can be punched 
n a single line (card), or more chan 
le tine (card) can be used for 
inching a single statement. Every 
atement is terminated by a semi- 
)loD and this is the indication to 
le compiler that the particular 
atement is over. Absence of undue 
strictioDs in PL/1 reduces punching 
Tors considerably. 

A beginner need not specify any 
itribules to the input data, such as 
ioary or decimal, fixed or floating 
oint, real or complex, numeric or 
laracter, and so on. The PL/1 
)mpiler, as we have said eadier, is 
ighiy sophisticated. It will scan 
K data and will give the appropriate 
nribute suited to the situation. In 
ther words, the compiler ascribes by 
efault those attributes that are most 
kely intended by the novice pro- 
rammer. The (Wiput is always 


given in a fixed format when no 
attributes are specified. All the same, 
an expert programmer can make 
effective use of the highly extensive 
I/O (Input/Output) facilities available 
in PL/I. 

Mixed radix (binary or decimal) 
and mixed scale (fixed or floating) 
arithmetic can be done without 
much trouble to the beginner. 
PL/l treats the error rather 
kindly. Besides- a few restrictions 
and regulations, the program will 
either automatically correct, or indi¬ 
cate at the time of compilation or 
testing the user's minor errors. 

PL/l words formed to name 
variables and constants are called 
"identifiers". There are certain 
words called "key-words" which 
have designated meanings in the 
language. For example, words like 
PROCEDURE, DECLARE, DECI¬ 
MAL, RXED, OPnON, GET, 
DATA, MAIN, END, IF, GO TO 
etc., are key-words in PL/l. There 
are key-words in Fortran and Algol 
also, but the languages do not allow 
the key-words to be used as identifiers. 
PL/l has more key-words than 
Fortran or Algol, for it expresses a 
much wider variety of operations. 
It would be contrary to the philoso¬ 
phy of PL/l if the programmer 
has to learn all these words whether 

m 


or not he intends to use them. PL/ 
therefore, allows the programmer t 
use the key-words names for hi 
own UM. For example, the wor 
IF can exist in the same prograr 
both as a variable or as a key-worc 
Although PL/l permits key-words ( 
be used as identifiers, a sound pre 
gramming practice avoids usin 
them even when one is aware of th 
keywords. 

PL/l language is modular in t|i 
sense that with some minimum ruk 
a beginner can write a comply 
program for a small problem. Thej 
rules form a part of a big st 
of rules used for writing com pie 
programs. In other words, whe 
new rules arc added, the old rul< 
are not abolished and the laguai 
is built with the old rules formin 
• pan of the big language structun 
Therefore, because of the moduU 
structure of the language, a (ar{ 
number of subsets can be develope 
for different uses without knowir 
what else is available in the tot 
language. 

Procedves 

Every* PL/l program is called 
PROCEDURE. A procedure mu 
be in the following form: 

label: PROCEDURE OPTION 
(MAIN); (all other itat 
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nicnlik which make up the 
program) 

HND [jlvl; 

list iike numbcis given to Fortran 
atemenu. we give »ome label 
r name to PL/I staiemenis. When 
siaiomeiu is labelled, a colon mark 
' phiced between the label name and 
ic stnlcmciu. The Maiements are 
tier icl'errvd lo by their labels and 
01 by nuniber5». The statement 
KOCEDURF OPTIONS (MAIN) 
ill always precede all other program 
uicoicnls. The END statement 
lusi he the laiii statement of the 
rogram. There may be revcral pro* 
rduu's in a program However, 
terc can he only one mam procedure. 
11 other procedures are similar lo 
jbprograms in Fortran and they 
lUst occur only in the middle of the 
lain procedure. 

typical PL/1 procadure 
Let us now write a PL/1 procedure 
ling a subset suited for the beginnen. 
he problem is to hnd the roots of 
i| uad ra t ic ed ua t io n +5 

, when «2« and C^3. 

/•PL/I PROGRAM FOR 
FINDING THE ROOTS OF A 
QUADRATIC EQUATIONV 
ROOT: PROCEDURE OPTIONS 
(MAIN): 

GET DATA {A, C> 

D SQRT (B*:—4*>4*C): 
x\ .{^B^D)H2*Ay. 

X2 a- D)/2*.4); 

PUT DATA {A, 8. C. XI, X2). 
END ROOT: 

>e first statement is a comment 
ilemcne. The programmer can 
it remarks or comments anywhere 
the program by enclosing it within 
and •/. and it is not translated 
' the compiler. 

It is meant for the readers to 
idersiand the different seeps in fix 
ogram. The label “ROOT' is 
e name of the procedure. The 
me label must he referred lo m the 
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END Statement as shown above. 
Even if the programmer forgets to 
give a label for the PROCEDURE, 
the compiler will use its defauH 
option and assume its own label for 
the procedure and proceed with the 
compilation. The neat sutement 
corresponds to the READ statement 
in Fortran. The statement simply 
reads GET DATA (list), and there 
is no fonnatiing. no declarations and 
no edtiing. Simply punch the data 
in the card in any column one likes 
as shown in the Fig. 1. By using 
Ihis GET DATA sutement one can 
read the data into the computer for 
further computation. It does not 
matter in what order the names and 
their values appear In the card, since 
the card contains the variables* names 
as well as their values. Commas 
must be used for separate values, and 
the set of data must be terminated 
by a semicolon. The next three 
statemenis are Fonran*iike sUte* 
ments whkb effect computation. 


T he industrial usefulness of the 
organOHlerivatives of the group 
)V elements, such as letrameihyl and 
tetraethyl lead additives for petrol 
and the silicone polymers is well* 
known. However, during the last 
decade the organic derivatives of 
tin have attracted a considerable in* 
lerest. This has been mainly because 
of the versatility of organo*lin com* 
pounds in their applications, and 
the intrinsically low loxkity of the 
organo*tin compounds as compared 
to their organo lead and otga no- 
mercury counterparts. Mentioned 
below are some of the ftelds in which 
organo*tin compounds have been put 
to use. 
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Once the coreputatloniare over. O) 
would like the results to be printe 
This is done by the statement PL 
DATA (list). The Put Data stat 
ment produces an output somewh 
as follows: 

^»=2.00OE00 B»5.000£00. 
C«3.000EOO. Jri»-1.000EOO, 
4'2^-l.5O0E0D: 

The resulu are given in E Forms 
So we see that the I/O statements ai 
so simple^lhey need no declaraticn 
or format statements as in Fortrai 
This is known as the Data DirecU 
I/O and it is. obviously, the simplei 
Of course, this program uses tl 
simple subset meant for the beginner 
With such overwhelming advai 
tages in its favour. PL/l is bound t 
reign supreme in Ihe computer worl 
for some more years to come. 

R. Ramaswam 
Lecturtr in FhysU 
Thiagarajan CoHegt of Engi 
MadurQi’6250i 


Preaemfioo of wood 
The most effective organo-tin cotr 
pound to be used for this purpoi 
is bis (tri*Q*butyl tin) oxi^, (Bi 
Sn)t O, commonly known as T1 
TO. This compound hat also bee 
thought to be a simple toxkat 
against wood-boring insects sue 
as furniture beetle Although root 
of the tributyl-tin based woo 
preservatives are applied in organi 
»I vents, there has been muci 
interest in developing aqueous foi 
mulatioDs so as to reduce th 
application costs. 

Anth-focllig paJDti 
Another field in which tri*organo 
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c, torii Astribtttyl tnd Iriphenyl tin 
npouiKU, hftw foyad a^Ucations 
the miiufaclure of marine aatH 
itiof pamti. The tri-organo-tin 
o^ujide are gradually rekaaed 
)m the paiol into the sea water 
wre they act as toakant to the 
irioe growths and protect the tim- 
r^ulkd boats from marine boriog 
satunes. 

Tribtityl and triphenyl tin com< 
finds have also been used for the 
fvegoa lion of cel I utoseand woollen 
^s to provide resktaDce against 
ngal attack and destruction by 
)ths. 

rgaaatiii ia agrioiltve 

TrtphenyUin hydroxide and tri« 
enyJlin acetate are being increat' 
ly used in agriculture for controlling 
variety of fungal growths especially 
»lato blight. Some triphenyltin 
mpounds are also being used as 
omosterilants. 

Tricyclohexyltin hydroxide is a very 
rective acarkide for controlling 
nil tree red spider mite on apples 
id pears. 

In the field of insect control, the 
ialkyltin compounds, particularly 
0 trimethyltiiu, have been found to 
i very effective. Ekit their practical 
iJity ii restricted by their toxicity 
I mammals and ^nts 

VC itiMimn 

Organo-tins are relatively expen* 
ve PVC subilbers and arc used 
hen colourless materials with a high 
rgree of traniparetkcy are required, 
eccntly two such compounds 
lady, df*Q«tyltin rir-butecte 
ioate polymer, and di*i^octyltiih$. 
> bis (iao*octyl mercaptoethanoate) 
•ve foood iiaeful ra PVC paekagiAg 
f foodatuffs. 

Dimethyltin- S, S'- bis (ischoctyl 
Kfcaptoethaooale) hM recently been 
sed as a heat ittbtKier for PVC 
enable water piping. Some mono- 
IkyJtin compounds sudi as n*butyl- 

lAMHtfM 


tin sesquisutphide are also finding 
u^ as stabilisers but are limited 
to certain grades of PVC. 



Dimethyltin dkhloride instead of 
stannic chloride has recently been 
used in Japan for coaling glass with 
a thin him of stannic oxide. The 
prooeu consists in bringing the 
vapour of the organotin compound 
in contact with ihe surface of the 
gls4s at lemperatres above 450 *C. 
where decomposition and oxidaiion 
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occur. The glass surface is ihu 
rendered sera tch* resist a ni. lustrou 
and electroconduclive, dependinj 
upon the thickness of the slannM 
oxide him. 

Trfbulyiiin compounds have als* 
found use in hospiraU in disinfecun 
sprays, waxes end polishes lo rcduc 
siaphylococcal and other infections 
Some of the organotins are reportei 
to be useful in cancer ireatment. 

R.C. Kapooi 
Chemhiry I>rprt.. Christ Churo 
Co/lege, fCanpu 


Fruit and flavoured yoghurts 


F rom times unknown, people 
in various parts of the world 
have fermented milk to obtain pala* 
table products These products are 
particularly popular among childfen 
and aged people who often do not 
like to drink milk. Dahi is one of 
such products consumed in almost all 
homes in India. Tht taste and 
flavour of dahi are not uniform and 
are known lo vary widely from one 
part of the country lo another or 
even from one home to another. 

The modem era of fermented milks 
began with the observation of Melch- 
nikov, E. (1908) that consumption of 
fermented milk popularly known as 
'‘Bulgarian milk" contributed lo the 
longevity of the Bulgarian people. 
Tlw sure of longevity attracted the 
European countries which in turn 
led to the development and commer¬ 
cial production of yoghurt and allied 
pnxtots. Today therapeutic, cura¬ 
tive and ButriUonal properties of 
dahi are widely accept^. 

Mimrfsptwi afyagkat 

In the commeckl process, yoghurt 
is produced by the fermenCation of 
milk by two thennopHilic (high tern- 
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pcralure tolerating (ranging fror 
organisms viz. Strepu 
coccus ihermophiius and Lac/ohadlfu 
butgaricus. They grow in a hsi 
monius condition known as syn* 
boisis. The final product is high! 
viscous, slightly sour with il 
charicterstic "Yoghurl" flavour an 
taste. The manufacturing detail 
of the production of yoghurt hav 
been described in some public* 
tions, although slight variaiior 
in details may exist from facioi 
to fac tory. 

The essential features of all 11 
methods of production of yoghur 
are: 

1. Selection of milk. 

2. Standardisation (fat extra 
ted)~milk powder of conce 
trated milk added. 

3. Warming and homogenisatio 

4. Heat treatment (steaming f 
half an hour) 

5. Cooling lo about 50*C. 

6. inoculation with yoghurt ci 
tures. 

7. Packaging. 

g. Incubation in warm roo 
(42‘’C*44*C). 
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9. Cooling b the air. 

10. Cold itorage. 

itcraate Mega: 

looubatioQ 

Cooling 

Agitation 

Packaging 

The variatioiu in commercial prac- 
icea in the mtaufacture are related 
> two aspeoti only; (I) itandardiu* 
lOQ of milk in respect of fat and 
)lid5-not*fat (SNF)and (2) the stage 
f packaging the product. Yoghurt 
onuint 2% to 3% fat, but even a 
it^free product is accepuble to 
tany. Usually, the SNF content 
i raised to I4%-Ib% to make it a 
tore viscous product and to increase 
s protein content. Jn regard to 
ie second aspect, the modiheation 
ivolves marketing the yoghurt as 
highly viscous uniform product 
nirred curd* instead of the normal 
irm*set or junket form*. Ai shown 
bove as an alternate sup of manu- 
icture, the milk al^r Inoculation is 
eld in the vat at 42*C-44*C until it 
oagulates, then it is cooled by circu¬ 
iting chilled water with gentle agita- 
on and packaged in suitable con- 
liners. The filled conuioers are 
lien cold stored (at about 5*C-6^C) 
nd held overnight to develop the 
baracteristic yoghurt flavour. 

The product so obtained will be 
lightly sour but with a clean flavour, 
'he acidity is about 0.9% but can 
o upto 1.1% (pH 4,0-4.2). Higher 
cidities nuy be toleraud if milk 
^rtifled with extra milk solids is used. 
Although this high protein food 
fill be quite suitable for salad dressing 
which is the practice in the U.5.A. 
nd other countries) or for eating with 
ice (which is the practice in most 
k>uih Indian homes), the product 
oay be too sour for direct consump- 
ion. 

'nit and ttavonred yogbvts 

A recent innovation which has 


enhanced the popnlirity of yo^ntft is 
the practice of forti^ng it with 
sweetening agents, fmits and 
fruit flavoun. Fruit and flavoured 
yoghurts are sweet with the charac- 
leristic flavour of the fruits or the 
added flavours. They retain all the 
nutritional and curative properties of 
yoghurt. They are readily accepted 
by children, adolescents and aged 
people. 



Common supr is the most 
common form of sweetening agent 
added. Some people add honey 
which also increases the nutririve 
value of the product. The sugar level 
depends upon consumer preference 
and is in the range of 6%-S% as 
sucrose. 

Fndts aad fionmt 

Fruits and flavoun can be added 
into yoghurt in a variety of forms. 
Some add synthetic flavoun not to 
the liking of many. <}uite a common 
practice is the addition of fruit 
extncU or concentrates. Fruit pow¬ 
ders are also added in some weslern 
countries. However, the most popu¬ 
lar form is the addition of cut fruits 
or fruit pulps which retain the fresh 
flavour of the fruit The types of 
fruits added are many and variable. 
The popular fruits are the berries, 
citrus and apf^s. Usually fruits are 
added at the rate of I5%-20% of the 
product. Fruits and sugar may be 
added separately or as *Tnjits in 
syrup** preparations. 

Prodoctioa of Mt y^ h ai t at NDRl 

The procedures for the production 
of sweetened and flavoured fruit 
yoghurt accepiatde to the Indian 
consumer have been standardized at 
National Dairy Research Institute, 
Kimal. The product contains 
6%-7% sucrose and l5%-20% cut 
fruits or fruit pulp. Skimed milk is 
adequate but standardized milk may 


also be used. An additional 3%^ 
milk powder could be added to 
crease its protein content and fc 
value. The skim milk powder w 
be added to warm milk for dissoluti 
in the form of Uikk paste. A prodi 
with a good body can be prepai 
from skimmed or partially ikinur 
buffalo milk without adding ex 
milk powder. The general proccdi 
for manufacture is the same u i 
the preparation of yoghurt Af 
staodarditttion, the heat trtatme 
cooling and inoculation of milk w 
starter culture, Che fruit syrup (pi 
preperad is sugar syrup) is added 
theraUoriS%-20%orfmlk. Af 
thorough mixing the inoculated m 
is filled in suitable containers, im 
bated for M hrs at 42*C-44*C a 
then cooled and stored overnight 
a cold store (5*C«8*C) before d 
patch for sale. A sugar content 
6 % and a fruit conoeotration of 15 
20% bas been found acceptal 
to most consumers. Of the varic 
fruits tried the order of preferec 
was—oranges, apples, mixed frui 
raisin and bananas. 

Pr^entlOB of fruit e yiiy 

Fresh wholesome fruits are clean 
and rinsed with chlorine solutit 
After skinning, wherever necessa 
they are made into a pulp with t 
help of a pulping machine or dei 
knives and are added to a hot soluti 
of sugar syrup. 

The required quantity of fr 
(cut according to the nature of fni 
is added to 50% sugar s)Tup and t 
mixture heated at for 10 minus 
This heat-treatment will destroy 
die yeast and mold which are aJwa 
present on fresh frozen fruits. Af 
tlw heat treatment the product 
cooled and used immediately, or m 
be stored in a cold place and warm 
to the temperature of milk befc 
addition. 

As an alternate procedure, t 
required quantity of sugar can 
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,dded to the mUk before heatiog and 
^ pulp alooe can be added after 
iddition of the starter. However, 
ibsolute sanitary care in selection and 
laodling of fruits will be necessary 
0 avoid contamination of the 
iroduct through the fruits. 

One of the common complainis 
ibout the product is that the fruits 
ettle at the bottom of the coolaioer. 
Phis can be prevented considerably 
>y regulating the size of the fruit pulp. 
lit larger the size the greater is the 
isk of fruits settling down in the 
>ottom. One procedure followed to 
void this problem is to add sugar 
yrup and fruits I to 1} hr. after 
iddition of the starter to milk 
0 that milk becomes somewhat 
'iscous and the risk of settling is 
educed. It is then mixed and filled 
n containers, but this procedure 
ould be employed only when small 
juantities are handled. If filling 
annot be finished within half hour 
be product may show the defect 
' whey i ng off", i e., formation of whey 
kt the surface of the product due to 
listurbance during incubation period. 

A sure method to avoid settling 
)f the fruits is to allow milk 
sugar added to the milk before beat 
reatment) to coagulate in the vat, 
md the curd .so obtaioed is stirred 
vith cooling and gentle agitatioD (as 
iuggested in the alternate method for 
itirred curd). The fruit pulp is 
hen added, mixed and filled in the 
M^ntainers. The containers are cool* 
and stored at OX to 5X over* 
light before distribution. 

Storage Ufa 

Fruit yoghurts can be preserved 
iipto a week in a refrigerator and for 
onger periods at temperatures below 
Deep freezing of the product 
is not desirable as it can cause **wbey* 
log off*' when taken otit for thawing. 

So«c« of yoglMrt otart eoUoctloa 

In India, there are only a few 


culture collection units which supply 
different industrial microorganisms 
to the commercial organizations for 
the preparation of food products. 
The maio supplier of dairy cultures 
to the various commercial organiza* 
lions, partkulariy for the production 
of yogurt end dakt\ is National Cul¬ 
ture Collection, Dairy Bacteriology 
Division. National Dairy Research 
Institute, Kantal. These starter 
cultures are availaUe in the form of 
freeze dried vials or liquid concen* 
traies. National Collectton of Indus¬ 
trial Microorganisms (NCIM) is 
another unit in Poona which also 
supplies yoghurt culture. These 
cultures can be preserved and 
maintained pure by using stand¬ 
ardized microbiological techni¬ 
ques. Contamination of yoghurt 
culture with other undesirable micro¬ 
organisms may lead to changes in 
the typical yoghurt flavour and 
acidity, consistency, body and 
texture of the final product. 

NotriCienaJ vahw of yoghwt 

In dietary respects, sour milk 
products such as yoghurt, daki, 
acidophilus milk, kumiss, etc., are far 
more valuable than milk. During 
fermentation of milk the composirion 
of the minerals remains unchanged, 
while proteins, carbohydrates, vita¬ 
mins. and to some extent fat consti¬ 
tuents, are subjected to changes 
which produce special physiological 
effects. Dietary and therapeutic 
qualities of sour milk products are 
^termined by microorganism and 
substances formed as a result of 
biochemkal process accompanying 
milk souring. These substances are 
lactic add, alcohol, carbon dioxide, 
antibiotics and vitamins. 

The following processes make 
yoghurt more nutritive than milk: 

in milk. Proteoly¬ 
sis in milk takes place by exo or 
endo peptidase of lactic add bacteria 
The bidogkal value of protda in¬ 


creases significaniiy during yoghu 
manufacture from a value of 85.4* 
to This increase Is due ( 

breakdown of protein into peptone 
peptides and amino acids. T1 
contents of essential amino acids su( 
as leucine, isoleucinc. methionin 
phenylalanine, tyrosine, (hreonin 
tryptophane and valine increa 
considerably which offer speci 
advantages not only to healtl 
people but also particularly to tl 
physically weak. 

Hydrolysis of iaciost. Lacto 
in milk is hydrolysed by metabol 
activity of bacteria.i Approx. 2.5* 
lactose, O.S?^-1.3% galactose ar 
0.03% glucose are obtained fro 
lactose hydrolysis. Lactose hydrr 
ysis takes place due to ^-galactot 
dase production by lactic acid ba 
tcria. The importance of lactose 
due to the lactic acid produced fro 
the hydrolyis of lactose which leai 
lo a pK range in the bowel ini 
biting the growth of putrefactanU. i 
addition to this, lactic acid is impc 
Unt for organoleptic properties ar 
calcium absorption. 

Lipotysis. The homogenization pr 
cess reduces the size of fat globul 
which become digestible. The pr 
duclion of free fatty acids as 
consequence of lipolytic aclivi 
increases as compared to mil 
This leads to some physiologic 
effects. 

Chan^ts in yitamins. There is mo 
than two fold increase in vii 
mins of B-group especially chiami 
(B|). riboflavin (B|) and nicoli 
amide as a result of biosynthe 
process during milk fermentatic 
Subsequently, vitamin B|, ascorl 
acid and vitamin B] decrease 
approximately one half only, as Ih 
arc utilized by the bacteria in milk 
Antibacterial aciivi/ies. The b 
tericidal properties of sour m 
products are detemined by ar 
biotic activity of bacteria growing 
the product. The antibiotic prop 


dCNCE SPECTRUM 


\i are generally associated with 
ctobaciHi in yoghurt and maierials 
sponsible for such antibacteriaJ 
tion are described as lactic acid, 
/drogen peroxide and other subs- 
nets such as laaobacillinc, etc. 

berapeutk inportance 
Sour milk products are well-known 
r “long life*’ and “cure air* pro- 
:rties due to ibeir nutHtional, 
erapeutic and prophylactic values, 
he main advantages of regular ioUke 
' fermented milk products such as 
>ghurt and <hhi are: 

(1) These products are easily ab- 
irbed and better assimilated than 
veet whole milk. Assimilation of milk 
32% In one hour, while that of 
rmented milk products is 91 % in the 
,me period. Better aasimilatton of 
rmented milk product is due to par¬ 
ti peptonization and intensity of 
cretion of ferment by digestive 
act glands. 

(2) They stimulate appetite due 
I their pleasant, refreshing and 
ingent taste. 

(3) Curd consists of a suflveieni 
nounl of indispensable amirto acid, 
ethionine. which removes excessive 
t from the liver. In case of arterios* 
ercsis, methionine improves the 
rneral condition of the patient, 
ged people should take curd. 

(4| Gastric juice secreted by the 
uion of fermented milk product 
id the desirable ratio of calcium 
id phosphorus induced by it leads 
t a high digestive of capability. 

(5) Fat-free curd is necessary 
»r those who suffer '’rom heart 
i sense, arteriosclerosis. hyper- 
nsion and chronic inflammation 
r the liver. 

(6) Research workers at Nebra- 
ca University in the USA recently 
rported that consumption of 
9|hurt has dehniie inhibitory action 
pinst certain types of cancer cells. 
No ailment ha.' been reported by 
igular consumption of the fer¬ 
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mented milks. Pathogeok bacteria 
are notable to survive io fermented 
milk because of its low pH and other 
adverse factors for their growth. 
Intake of hitter quantities of yoghurt, 
of course, may involve the risk of 
acidosis and may cause adverse effect 
in adult human. Consumption of less 
than I litre of yoghurt per day will 
not affect human health adversely. 


S ULPHUR is one of the essential 
plant nutrients and in impor¬ 
tance is perhaps next to nitrogen, 
phosphorus tod potassium. Besides 
this, sulphur is also a valuable fungi¬ 
cide. 

Sulphur is a constituent of many 
proteins and enzyipes in plants and 
is required for the synthesis of three 
amino acids (methionine, cystine 
and cysteine) and ^utathione. a 
compound which plays an important 
role in respiration. Even many 
enzymatic reactions in planu take 
place due to the presence of snl- 
phydryl group (—SH). In some 
cases, these enzymes have been found 
to increase cold resistance in plants. 
Sulphur is also a constituent ofeoen- 
zymes, such as coenzyme A, thiamiiK 
pyrophosphate and biotin. These 
enzymes participate in many reactions 
involving metabolisin of carbohy¬ 
drates. fau and proteins. Sulphur is 
essential for the formation of disul¬ 
phide linkages (—S—S—> associated 

with structural charactenuics of the 

^otoplasm. 

Deficiency of sutpbnr results in 
chlorosis of the i^nt foliage, though 
it is not a ctMtstiluent of chlorophyll. 
In suIf^ut deflcfency, symptoms 
first appear on newly developed 
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The nutritional and therapeutic 
effects of yoghurt do not depend k 
much on the living bacteria in the 
final product as on their ODCiaboNtes. 

D.N. Gandhi 

MeENA Sachotv4« 

V.K.N. Namiudupai: 

I>aify Bacierioi^y N.D.R.I 

Katna* 


younger leaves which give pal 
yellow appearance. Allerwards ih 
whole plant gels chlorotic and show: 
stunted growth. Plants look thin 
stemmed and spindly. DefiaeiKj 
reduces protein synthesis and heoo 
affects nitrogen metabolism. 01 
content of oilseed crops and nodule 
tion of legume roots are reduces 
due to sulphur deficiency. Maturity 
of seeds and fniits is also delayed 

Saipbar reqii irea wts of erogs 

Sulphur requirement of a crop can 
he defined as the minimum uptaki 
of this element associated with 
maximum yield. Sulphur require- 
ment varies with species and even 
varieties due to their differeolial 
genetic behaviour, it also depends 
upon the intensity and sequence o( 
crops. avaitaNe nuiHenU status and 
incidental additions of sulphur from 
rains, irrigation, water, atmosj^ric 
pollution, insecticidal sprays, etc. 
Cruciferous and liliaceous plants 

(cabbage, turaip, onion, garlic) have 
the highest sulphur requirements 
(80 kg/ha), whereas cereals (wheat, 
paddy, barley, etc.) require only 20 
kg/hi. Legumes are intermediate in 
their sulphur requirements (40 k^ha). 
Higher needs of sulphur In cfuci- 
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rous and liliaceous planis are due 
their higher coatents of sulphur 
ntainiag amino acids and essential 
1$ and character!slics smell and 
ste. 

hy sslpkor dcflcieacy ? 

It is only in recent years that 
sfidencies of sulphur have become 
ore common. Intensive cropping 
stem and increased yields of crops 
ive caused sulphur dehcieocy in 
)il8. Deficiency is also caused by 
le increasing use of chemically 
ire fertilizers <urea, diammonium 
liosphate, etc.) which have little 
r no sulphur. Previously super- 
liosphate (li.S% S) used as a 
>urce of phosphorus, ammonium 
ilphale (23.9% $) as a source of 
itrogen, and sulphate of potash 
7.7% S) as a source of potassium 
applied sulphur. Even sulphur 
^ntaining fungicides (Bordeaux 
lixture, lime sulphur) and pesticides, 
^mmonly used until a few years ago. 
ave been replaced by organic 
lateriais free of sulphur. Decreased 
se of farmyard manure and compost 
as further added to the deficieocy 
f sulphur in soils. 

In tight textured soils of Punjab, 
laryana. Madhya Pradesh. Uttar 
’radesh, R^asthan. Himachal Pra- 
esh and other states of India. suU 
khur deficiency has started appearing 
in a large scale. Its deficiency has 
1 ready caused a problem to ground- 
lut cultivation in Punjab. Deficiency 
las also been reported for other 
rops like oilseeds, legumes, maize 
nd wheat. 

rliking up deAciency of sulplnir 
Sulphur can be supplied to planis 
rom a number of sources. It can 
^e supplied through foliage as spray 
if its soluble salts.* Sulphur can 
kiso be absorbed as sulphur dioxide 
hrough leaves in controlled atmos- 
iheric conditions. The efficiency of 
ipplied sulphur sources in the soil 
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depends upon its solubility, particle 
size and nature of the material. 

Gypsum is a naturally occurring 
source and is found in abundance as 
deposits in India. There arc other 
sources like ammoniure sulphate, 
sodium sulphate, potassium sulphate, 
and elemental sulphur. Important 
factors that determine the choice of 


M imicry » an evolutionary 
convergence or parallelism by 
means of which one species of animal 
protects itself from predators by 
imitating the appearance of another. 

By mimickiog a dangerous or un* 
palatable animal, an otherwise harm¬ 
less and edible inioial can obtain 
some amount of protection from pre¬ 
dators. A few Niter experiences will 
be sufficient for predators to avoid 
the distasteful species. If any other 
innocuous species closely resemble 
the unpalalaNe one. they loo are 
avoided by predators. 

The phenomenon of mimicry was 
first described by H.W. Bales in 
Brazilian butterflies. Since then, 
most of the research work is limited 
to insects, which frequently exhibit 
mimkry. Although vertebrates rarely 
display mimetic behaviour, certain 
btr^, snakes and fish do adopt 
mimetic forms. 

In mammals, only two cases of 
mimicry have been documented so 
far. The first ease relates to a 
series of five Borneo squirrel species 
which are the mimics of unpalatable 
treeshrews. The second and the 
present cue is coocemed with aard- 
wolf. a large African mammal, which 
ts found to mimic the striped hyaena 
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the attention of scientists. Rescan 
on sulphur nutrition of the cro| 
is being conducted at most of t\ 
research centres in India and abroS' 
but there is a need for a planne 
programme on sulphur fertilize 
in the country for obtaining highi 
yields. 

N.S. Dhilu 
S.S. Bhindi 
Punjab Agrh'uUurat Uni verst, 
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{Nature. Jan., 1975). Mimetic b 
haviour in a large mammal 
quite rare, and is the 5rst of its kir 
reported in literature. 

African hyaenas generally inhab 
the southern and northern parts < 
Africa. They are of three varietie 
the striped hyaena {H, Hyoenc 
brown hyaena {H. Brunnta), and tl 
spotted hyaena (//. Crocuta). 

Chiefly nocturnal hyaenas hu 
singly or in pairs and live in opi 
dry plains and thorn scrub. Th 
have pointed ears and a sloping bai 
with an erectile mane. Exce 
H. Crocuta, others weigh arour 
50-60 kg. Hyaenas possess a siroi 
set of teeth and jaws and a 
capable of killing live game. Son 
times they do kilt their prey, but th 
generally prefer scavenging. 

Aardwolf {Proteles cristatus) is 
smaller mammal than hyaena, weig 
ing about 12-15 kg. With a strip 
body, sli^ng bade, pointed es 
and an erectile mane. ProteUs loo 

remarkably similar to Hyaena, T 
mane runs along the entire length 
dorsal spine and is composed of sti 
lengthy hair. Whenever the ma 
is erected, aardwolf appears to 
larger than its actual size. It U 
nocturnal mammal, moving sini 
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r in pairs and inhabiting open 
lains and thom scrub. Having only 
sstigial cheek teeth, the aoimal 
ainly feeds on insects. 

Thus the outward appearance of 
irdwoir in body, mane, tail and 
ripe colour is the same as that 
striped hyaena. General bcha* 
our of the two animals is tikewisc 
tnilar. Both are nocturnal, going 
)out singly or in pairs, and living in 
e same area. Even their defensive 
sponse of kneeling, when attacked, 
identical. • 

Difference in size appears to be 
e only external dissimilarity between 
e two animals. Ai size is a 
ry vague indicator, it is difficult 
differentiate them even at close 
oximity. 

Studies conduaed on Intemat 
'uctures of aardwolf and hyaena 
rther emphasise (heir close relation* 
ip. The chromosomes, haemo* 
?bin mobility, and the dental for* 
ula of Proteles are similar to those 
Hyofna and Cr9cyta. Gyri and 
lei of the cerebral hemispheres are 
to found to be of identica] 
ttern. The male reproductive 
icK of Pro/eUs is more like that of 
vaena than that of Crccuta. 
Dentition is the major difference in 
s internal anatomy. Aardwolf has 
ry small teeth, and retains the 
llex>-*a digit lost in both Hyaena 
d Crocuta. 

Precise phylogenetic relationships 
long these animals are not yet 
ablished. But fossil records point 
t that Hyaena and Crocuta might 
ve diverged since the Miocene. 
oteles, on the other hand, seems 
have separated from the hyaeoid 
•ck during the Pliocene or at an 
rlier time. Hyaenid relationships 

uld be explained on the basis of 
o hypotheses. 

Proteies might have diverged from 
) common ancestor of Hyaena and 
ocuic, before they themselves 
mrated. toss of pollex in both 
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Hyaena and Crocuta indicates such a 
possibility. In such a case, the 
external similarity of aardwolf and 
stripped hyaena is an example of 
evoiutiozkary convergence. 

On (he other hand, Crocuta might 
have deviated from the Froteies^ 
Hyaena stock before (heir separation. 
This possibility exists because of (he 
similar body shape and the identical 
male reproductive tract in the latter 
two genera. If so. (he external simi¬ 
larity between Proteies tn6 Hyaena 
due lo a parallel retention from a 
common ancestor who had the same 
appearance. 

Specialisation in closely related 
animals implies a significant diver* 
gence in geographic distribution, in 
outward appearance, or in behaviour. 
Hence, it is unusual for the closely 
related Hyaena and Proteies to have 
a similar habitat, body shape and 
behaviour. Aardwolf fulfils all 
cooditioM of the mimicry phenome¬ 
non, tod this alone explains (be 
underlying cause of its distribution, 
af^etranee and behaviour. 

Now (be question is. will the 


T he study of animal behaviour 
began with early man's first 
systematic attempts to draw conclu¬ 
sions and make predictions from his 
observations of the creatures around 
him. Yet, today, it remains one of 
the most complex and challenging 
braoebes of all sciences. The actions 
of all animals arc directed towards 
keeping themselves alive to 
reproduce. The assertion that an 
organism maintains a relation with 
its environment implies that an 
organism changes tu response to 
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mimicry be of any value? Leopard 
distributed throughout the range > 
Froteles, are a visually oriented pr 
dators. They are most active 
night and generally prey up< 
kackels. Considering their wi< 
prey tolerance, leopards might all 
feed on aardwolfs. Hyaenas woul 
be dangerous lo an attacking lei 
pard because of their large sit 
and strong skull. On the other ham 
aardwolf. being smaller and weaki 
than u hyaena, would be a poc 
match for the leopard. 

Therefore, an important aspect < 
aardwolf's defence against leopard 
is likely to be its external resetr 
blance to hyaena. The predatoi 
face much difficulty in recognisin 
aardwolf. especially when it look 
larger by erecting the mane. Eve 
the imitation of hyaena’s defensiv 
kneeling posture helps aardwolf ii 
confusing predators. Thus, mimlcr 
appears to be quite valuable fo 
aardwolfs to gain some measure o 
protection from potential predators. 


changes can be called as behaviour. 

Behaviour may be defined as tb( 
externally apparent activity of a whole 
organisiD, Its essential cbaracceristli 
is movement, which is found in most 
animals and some plants, and it is tbt 
result of external and inlernai changes 
called stimuli. 

Behaviour may be classified is 
many ways, each independent of the 
rest. It may be organized into com* 
plex patterns either by the biological 
process of heredity or by the 

MARCH IfTt 


B.K. Tatinen 


Stickleback fish ; sexual responses 

and behaviour 

changes in the environment. Thes< 
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piydkdofkal process of levning or 
both. The extreme cases are called 
ipikAle (or ickstioctive) behaviour and 
leaned (or c^ditiooed) behaviour, 
req)ectivdy; but most of the behav¬ 
iour Is affected by both types organ- 
uatiofk Behaviour is dosely related 
to function. There are four priDiitive 
kinds of behaviour haviuf obvious 
adaptive remits: ingestivc behaviour 
which iodudes eating and drinking; 
shdier seeking; sexual behaviour; and 
investigatory or exploratory beha¬ 
viour. Behaviour is called normal w 
abnonnaJ according to the degree of 
adaptation produced. Behaviour may 
also be classified according to the kind 
of stimulus which elicits it, in which 
case the behaviour may be called a 
tropism or taxis. The sexual mponaes 
and sexual behaviour among stickle 
back fish arc described below. 

These fishes arc three spined and arc 
remarkable in many ways. Analysis 
of its activity during its reproductive 
cyde has revealed the itnponaiKc of 
simple stimuli—the so-called sign 
stimuli -in touching off reactions in 
both sexes. 

First of all, the male and female 
must be ready for reproduction. 
This happens in spring when the 
gradual lengthening of daylight acti¬ 
vates glands secreting reproductive 
hormones. It causes the sticklebacks 
to migrate from wintering grounds 
tn deep fresh water or the coastal 
sea to shallow, fresh water spawning 
grounds. Here, affected by the 
diange in temperature, and motivated 
by the availability of nesting places, 
ibe male changes its original colour. 
Its original colour is creamish grey 
with dark stripes on sides. The 
colour of the belly starts changing 
to red. Its red belly is one of the 
Snt of several **eign&'’ ihai direct the 
behaviour of males and females 
throughout the reproductive cyde. 

The male iti^leback with its 
winter colouration swims away from a 
ichool of males and femalea to search 


It assumes its pre-nupctal colour and 
becomes increasingly aggressive, pre¬ 
pared to defend its territory against 
all other male sticklebacks and, at 
this stage, even apinst females. 
The male then assumes a posture of 
threat. This brinp its red belly into 
view, a sign stimulus that intimi¬ 
dates other sticklebacks. With its 
domain secure, the male sets about 
building a nest. First, it dears a 
shallow pit and coUccts materials to 
build a nest which consists of strands 
of algae and weed bits. After depo¬ 
siting the strands of algae and bits of 
weeds over the pit, the male swims 
to and from over the loose pile. 
Secreting a sticky kidney fluid, the 
male glues the nest lopther. Then 
the male again undergoes another 
colour change: the belly which was 
red becomes bright red and the back 
becomes bluish-white. This acts as 
an attracting stimulus for its prospec¬ 
tive mate. Now the cnale is ready 
to court a femak. 

Stimulated in turn by the female's 
egg-plump form, the tnale goes into a 
aigzag courtship dance, during which 
it may brush the female's belly with 
iu nkfcles The female responds 


tothisbyliflingiuhead. In response 
to the female's head-up sign of accept • 
ance. the male shows the female the 
way to the nesi. The male indicates 
the entrance to female by turning on 
its side and pointing inside with its 
snout. Once its mate has entered, 
the male hovers overhead, prodding 
the base of the female's tail with its 
snout which induces spawning. When 
the eggs are laid by the female inside 
the nest, the male enters the nest and 
fertilizes the egg clutch. As is apparent 
the fertilization is external in this case. 

After mating with several different 
females -usually two or three- the 
male begins to fan water over the 
eggs to aerate them. The male lakes 
care of the eggs. When the brood 
hatches after a week or so. the male 
wearing its protective colouration 
guards the young ones. If the young 
ones roam too far, the male picks up 
the strays in iU mouth and spits them 
back into the nesi. The male looks 
after the young ones, until the/ be¬ 
come imlependent. 

P.P. Geftha 
Commonwealt/i Jnstt. of 

Control, Bfltcry Rood. 
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Personality determines 
diseases 


r HE penoftftlity of t nun is the 
sum louJ of his physique, physio- 
*ty and psychology. It is a parti- 
liar type of constitution which is 
3ect6c to an individual. In re- 
sni years it has been found that 
enonality of a man also determines 
te types ^diseases likely to afflict 
im. Due to clinical importance of 
it personality and disease relation- 
lip, it has been felt by researchers to 
tv ice a single criterion to classify 
le total personality of a man. 

Sheldon in 1940 classified 
an physically into three types: 
rtomorphi, mesomorphs and endo- 
lorphs, baaed on the criterion of 
hysical outlook. He further clais- 
sd man temperamentally into cere- 
rotonik. somaiolonia and visc- 
troionia. However, he failed to 
;velop a singte composite errterion 
»r classifying total personality based 
0 the recent concept that the mind 
id the body are not two different 
ititles but are interdependent. A 
imposiie criterion is therefore ne- 
tssary. The intergrated approach 
‘ the body and the mind gives rise 
• the concept of psychosomatic 
institution or personality. Accor- 
ng to this concept the mind and the 
>dy are interdependent on each 
;her and they are the two com- 
snenti of the one composite 
itity. the personality or psychoso- 


atk constitnoon. The interde- 
mdcnce of the two components of 
e personality ia evident from tbe 


^ychosomalic disorders such as 


^ptic uken, thyrotoxicoris, hyper- 
nsioa coronary thrombosis, etc., 
hich are cloealy related to dis- 
irbed emotiona. 

fn view of this viewpoint, it is 
wrabk to develop a single criterion 


to classify the total penonality to 
correlate one's constitution with his 
disorders. It is tvell known that the 
centra) nervous system controls all 
the physical processes and functions 
through its neurohuroors (neuro- 
transmitters) namely acetylcholine, 
catecholamines and hisumine. which 
along with the related enzyiw;s form 
a link between the miod and the 
body. Any kind of physical or psy¬ 
chological stress is known to cause 
at first an accelerated neurohumoral 
response. These neurohumors in 
lum produce a chain response lead¬ 
ing to secondary bodily efiects; the 
first neurohumor to be liberated is 
probably acetykhoJine which is follo¬ 
wed by catecholamines and hisU* 
mine respectively. Jt appears that 
(here is some inter-related mecha¬ 
nism responsible for this sequence of 
chain response; the composite neu- 
rohumoiil response in each indi- 
vidoal is a basic phenomenon. Since 
each individual, except identical 
(wins, hasadiffereot genetic make up: 
it is poaaibic that each individual 
may have a relative preponderance 
of one or the other of the three neu- 
rohumon and the related erizymes. 
The measure of the relative prepon¬ 
derance of neurohumors or the rela¬ 
ted enzymes therefore may be used 
as a criterion for classification of 
individuals or psychosomatic typing. 
Id view of this, professor K.N. 
Udupa and his collqpies at the Ins¬ 
titute of Medical Science, Banaras 
Hindu University, Varanasi cariied 
out their studies {fndian J. Med. 
/Us., d3:7. 923-27, 1975) on appa 
rently Isctlthy adult men. 

Tbe sobketa, eighty (bur in num¬ 
ber. were ekasified oo tbetr phyakal 
haiif into predommotly eeto, roaso 

17 ^ 


and endomorphs, which impli 
preponderance of linearity, muse 
larity and obesity respectively. T 
plasma level of the enzymes hisi 
minase or diamint oxidase (DAC 
monoamine oxidase (MAO) ai 
red blood corpuscles cholinestert 
(ChE), responsible for the metab 
lism of histamine, catecholamine a; 
acetylcholine neurohumors respt 
lively, were determined. These eu 
mes are known to have parellejii 
with their respective neurohumo] 
The results of the above studies, e 
cept Ch E which did not vary sigr 
ficanily in basal conditions, a 
shown in the Table below^ Tl 
choline-sterase was. however, four 
in preponderance in ectomorpi 
under stress conditions. 


PmlosU 

Predomi¬ 

Predomi* 

nantly 

nantly 

nantly 

Ectomorphs Mesomorphs 

Endookorp 

DAO 121.36 

IIS.I3 

15114 

P.U./ml 



MAO M.69 

20.8.t 

14.61 

P.Ujml 




As is evident from the blood leve 
of these enzymes, Che experimen 
of Udupa and collegues exhibit 
relative preponderance of acelykhi 
line, catecholamines and hi8t4 
mine in persons of ectomorphii 
mesomorphic and endomorphi 
somatotypes respectively. Tli 
above findings wi^re used by Udup 
et a/., to classify the three somatc 
types into hisiomorphk. vasotrophi 
and neurotrophic respectively, i 
view of the specific functions of th 
respective neurolraasmitters. Thet 
psycbosomaiic types, classified o 

the biochemical basis, rc^'eseflt boi 

the psyche and the body, and ma 
be helpful in interpreting the ioc 
dcTwe of stress disorders ia rektio 
to one's const it III ion. 
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ungro disease of rice—its leaf hopper 
vector and its control 


M«4e M vinn tnmmkmhn 

Hw tuflgro virus of rice it tnni 
milted by t ffrttn leftf hopper vecit 
Ntphtfiettix rtrusens Jthiahre Neerl 
83 per cent of the population of Ih: 


k MONG5T food ffnioft in India, 
\ rice occupies the foremost place 
it is grown on about 53 million 
ctares, i.e., 25.5% of iht toul 
wn area with an annual production 
about 33 miUion tons. The loss 
' rice crop due to insect pests Is 
timated at 10 per cent. In 1973-74 
one, India lost more than Rs. 1500 
ores worth of rice due to pest 
vagef 

One of the most potential factors 
limiting the yield of rice crop is the 
gular appearance of leaf hoppers, 
lese insects are minute in size, but 
e loss due to them is immense, 
hey not only drain out the sap from 
le plum tissues but also transmit 
ral diseases. Tungro is one of 
icm which has threatened rice culli- 
ktion in many parts of the world. 

I recent yean, in India also it has 
xome a serious problem of nationai 
Qportance. 

ymptoms of tugro vim 
As the name suggests, there is a 
^generated growth of the plants, 
eaves of such affected plants turn 
;llow, the tips dry up. Yellowing 
r leaves may first appear u partial 
r in stripes with diffused chlorotic 
lottles. Or there may be yellowish- 
) whitish spots on the younger 
aves. In certain varieties the chloro- 
c leaves turn yellow-orange and 
‘equently develop irregular dark 
rovm blotches. The colouration is 
tore intense on leaf tips than at the 
ase and more in outer leaves than 
1 inner ones. Often leaves show 
/mptoms of vein clearing also. The 
isease is more likely to occur in 
ariier stages of the crop. The 
0 anger the seedlings infected, the 
reater is the damage. There appears 
3 be a definite case of an age induced 


resistance. In affecled ptants, flowers 
tend to blossom late and produce 
inferior grains of a dark brown 
colour. The fickJi, in general, pre¬ 
sent a wavy appearance owing to 
diflerences in height of affected plants. 

The rirvi 

The disease is caused by rice tungro 
virus. Two strains of virus. S and 
M strains, have been identified 
They are distinguished by the symp¬ 
toms produced on difierential varie¬ 
ties; the S strain (the more common 
one) produces leaf striping and the 
M, strain mottling. 


vector has been recorded to transm 
the virus activity. The virus 
acquired and transmitted by hot 
the nymphs and adults of this vecio 
The minimum acquisition feeding < 
30 minutes on an effected plant 
sufficient to allow the transmiisio 
of disease. A 24 hour incubatic 
period appears to be necessary fc 
adult insects to transmit the disease i 
an appreciable extent. One lei 
hopper is sufficient to infect a healtli 
plant, with a minimum inoculatio 
feeding period of 15 minutes 
The tungro virus hat been reporu 
to be a circulative virus which 
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quirtd through the mouth-parts 
\d accumulated internally without 
»parent muflip)icaiion. Later, it 
passed through the insect tissues 
id introduced into the plants again, 
tn N, virustnw the transmission 
nc is short and it is not capuhle of 
insmitiing the virus followini 
oulting but could become re in fee¬ 
ze by renewed feeding on diseased 
anU. The tungro virus is non- 
rsislenl in the rice green leaf hopper, 
te transmission of tungro virus in 
:< in relation to its virus vector it 
lOwn in Kig. I 

taf hopper vector {Nt'rhoiviux 
runes I 

idenn/iojthm AduUsare3.2mm 
5.3 mm long, greenish in colour 
id with black spots on theforewmgs 
males. Females are devoid of 
ch spots {} <g. 1). 
i^eyeU. The nymphs and adults 
use dntet damage ^ feeding on 
p of the young plant leaves and on 
c base aod leaves of mature plants. 
Sgs are laid in the leaf sheath where 
ey hatch in six days. The average 
imber of egg masses and egg.\ laid 
f a single female Is 27 and 340 
spectively. The nymphs have a 
kried colour pattern in nofum and 
ey undergo five moults to reach 
e adult stage in 16 to Itl days The 
ngevity of adulls varies from 27 to 
( days during difTercni months of 
e year. 

The adulis appetir in the seed-beds 
id newly transplanted crops during 
me to August, and reach a peak 
iring October to November and 
dine thereafter. During rabi 
ason they reach a peak during 
rbruary and March, Thereafter 
6 population dwindles. 

SeasonaJ history. Mostly the adults 
e carried over to the next crop 
ter passirtg u short period on 
asses and ratoons left after harvest- 
g Ihe crop. 

Among the wild hosts recorded, 

BNCXnrOBTSH 


leaf hoppers were found breeding 
mainly on sawnai or Jwrgiee rice 
(£rAiM>r6/o<i cohtmm) and rice<ul- 
grass {Letrsia hexaitdra). 

Ram regulates changes in vector 
populalions. Further, it has been 
observed that light interrupted with 
frequent showers favours increase in 
vector population, while heavy rain¬ 
fall appears to be detrimental. 

Cfmtro/ measures. The m<‘$t effec¬ 
tive method of controlling the disea^ 
is selection or breeding of varieties 
resistant to tungro virus. Some of 
the varieties reported to be resistant 
are Pankhari 203. Kamod 2S.3 and 
Katrihhog. These varieties have 
hecn developed and multiplied in 
Maharashtra whereas Laiisail, which 
has also shown appreciable resis¬ 
tance to this disease, grows in 
West Hengal. Amongst the varieties 
from U.P.. T. 9 h»s been reported to 
be free from the disease The varie¬ 
ties reported herein can successfully 


F luorine, the most eleclro- 
negativeofall elements, has not 
only notable chemical qualities but 
also physiological properties of great 
inicrcsl and importance for human 
health and well-being. The role of 
fluoride ton in human or animal 
metabolism is not known with any 
certainly. From all the work avail¬ 
able. it is clear that a certain 
quantity of fluoride Ion is essential 
for the formation of caries-reek Cane 

dental enamel and for Ibe normal 
process of mineralisation in hard 
tissues. About 95% of titt fluoride 
in the body is deposited in hard 
tissues and it continues to be depo¬ 
sited in cakifled structures ewn aRer 
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be grown in moat of the rke grow 
areas of the country. Of oow 
transmission studies are required 
conflrm whether the variety ia res 
resistant or noL 
In order to check the spread of t 
disease in fields it is necessary 
control the population of leaf bopp 
vector with insecticides. Ap| 
granular insecticides like Kvtd 
phorate. or diazinon at 15-20 li 
hectare at the time of transplantir 
The insecticide should be applied 
7.62 cm standing water for 48 houi 
Ji should be followed by two spra 
ings of 0,05% dimecron. 0.03 
rogor or 0.07% Ihiodan E.C. at 7 
litres per hectare. These treatmer 
should be given 40 and 65 days aft 
transplantation of the crop. 

Y.K. Mann 
J.P, SaivASTA' 
Division of En(omofo\ 
C.S. Asad Universify of Agri. d Tee 

Kanp 


other bone constituents have rracht 
a steady state. Age is an importai 
faclor in the extent to which fluori< 
is incorporated into Ihe skelcto: 
A similar pattern, as in bone, 
followed in the fluoride concentr 
lion in teeth. The uptake almo 
ceases in denial enamel after the a{ 
of about 30 years. 

A condition, now known as denu 
fluorosis or mottled enamel, wt 
described by Eager in 1901 amon 
the cmigranu from luly. The ten 
mottled enamel was firxt introduce 
by Black in 1916 in an article joinll 
published with McKay in which th 
disease was described in details i 
was in J931 lhat a direct relation 
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Defluoridation of water 
by Nalgonda technique 
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Ig 1. A tyvkil caw o( deatti ttiaoroali 



.1. PaU leak ^ hi tnat 119 c«MeiMtv(2SOdO cOoiH) water gcrrcgmratitt 
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ship between mottled enamel and 
AuoHde content of water was es¬ 
tablished. 

PreTcoHoa of deofal fluorosis 

Dental fluorosis occorrs in human 
beings consuming water which con¬ 
tains 1.5 mg F// or mort* 
fluorides particularly during the 
first eight years of the life. Mottled 
enamel usually takes the shape of 
modification of tooth enamel to 
produce yellow or brown staint^ or 
an unnatural opaque chalky white 
appearance with occasional stria- 
lions and pitting. The incidence 
and severity of mottling was found 
to increase with increasing concen¬ 
tration of fluoride in drinking water. 

The Ministry of Health, Govern¬ 
ment of Indiu, had prescribed 10 
and 2.0 mg// as permissive and 
excessive limits for fluorides in 
drinking water. 

]| is known, however, that most 
natural surface water?:, have 0 0*0.5 
mg// of fluoride. Occurrence of 
excess fiuuiide bearing waters was 
reported by many workers from 
Andhra Pradesh. Rajasthan. Punjab. 
Haryana. Uttar Pradesh. Madhya 
Pradesh. Gujarat, Tamil Nadu. Kar¬ 
nataka and Maharashi ru. The gene¬ 
ral level of fluoride.s is between 1 
and 5mg// except in a few cases, 
where the conncnlralions are reported 
to be as high as 16 mg/A 

The work on dvilunridation was 
taken up by National Environmental 
Engineering Hesearcb Institute in 1960 
on a reference from some Stale Gov- 
ernmenis having such a problem 
The Institute has worked since ther 
on several materials like clays, mine 
rals. ion-exchange resins. activ:?ie( 
carbon^ activated alumina, sulphona 
ted coals and serpent ioe- Those tha 
showed an encouraging trend oi 
bench-scale were further examined ii 
details. These include ion-exchang 
resins, saw dust carbon, coconu 
shell carbon, defluoron-l, carbior 
(Conf/mic</ on pagi I Si 
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MEWS & NOTES 


Nobel physicist 
Dr. Heisenberg 
passes away 

D r. Werner Ctri Heisenberg. Uic 
world famous nuclear physicist 
vho established ihe Uncertainty 
>rinciple as a basic theory, and who 
eceived the Physics Note I Prize in 
932 at the extraordinarily young age 
>r3l. died on February I at the age 
•? 74 in Munich. West Germany. An 
uthot of many standard books on 
luclear physics. Dr Heisenberg was 
ne of the foremost contributors to 
20th century physics. 

Born of an intellectual family on 
lecember 5. 1901. in Duisterg. 
rermany. young Heisenterg was 
iucaled in Munich. At the Uni* 
»rsi(y of Munich, he studied theore* 
cal physics under physicist Arnold 
W. Sommerfeld (1868-1951) and 
eceived his doctorate degree in 1923. 
le served for a year as an assistant to 
hysicist Max Born (1882-1970) at 
le University of Gottingen and then 
ent to Copenhagen to study 
ith physicist Niels Bohr (1885- 
^2). He returned to Germany as a 
rofessor of Physics at (he University 
r Leipzig in 1927. Tn 1941. he 
koved to the University of Berlin as 
ireclor of the Kaiser Wilhelm insti- 
ilc of Physics. , After the World 
Ut 11 he returned to Gottingen and 
scame director of the Max Planck 
tstitute for Physics and Astro- 
hysics. He rehned matrix gigebra 
ltd matrix mechanics to explain the 


wavvlengths of spectral liDes of atoms. 
He predicted that the hydrogen inole- 
cules could exist in two forms: ortho- 
hydrogen in whkh the nuclei of the 
two atoms spun in the aame direction, 
and para-hydrog ea in which they 
spun in opposite directions. Thk 
prediction was confinned in 1929 and 
helped in concentrating liquid hydr^ 
geo. Dr. Heisenberg enuncialed in 
1927 his famous Uncertainty PHopple 


I T is an idiosyncracy of Indian 
scientists chat they value the 
research of their compatriots only 
when it has been acclaimed abroad. 
Instances are countless, but the one 
1 came across recently is that of 
Prof. S.C. Maheahwan. 1972 Bhat- 
nagar Award winner. 

"For 3-4 yean botanists in the 
country were not ready to believe in 
the tissue *cuitQre techokiue' which 
i discovered in 1967*'. Prof. Mahes- 
wari said. Today his technique has 
received recognition abroad; and 
because of its agrtcultuial applica- 
tioBS. it has been given so much atten¬ 
tion that within the last few years 
two Intemational symposia were held 
on the subject. Prof. Maheshwan 
applied the technique on datura 
plants, nowadays rtaearcbee are 
underway to apply the technique on 
other plants, in partkuUr, on crop 
plants. In short, Prof. Maheshwari's 
technique (of establishing homozy* 
gous lines in plants) would in the 


which states that it is Impoi 
ble to make an exact and slm 
taneous determination of both 1 
position and momentum of a 
body. He was awarded the 19 
Nobel Prize for this principle. Di 
xng World War II he was in char 
of Hitler's research on the aton 
bomb. 
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long run enable agriculturists to g 
(he same quality of a crop from sul 
sequent harvests. "Actually I coi 
ducted experiments on a project f< 
a diflerent purpose, the bye-produ 
of it is this technique", he replic 
when asked how he hit upon t) 
novel method. In fact, the tec) 
niqiie evolved as a result of elTor 
made by him and one of his student 
Mrs. Sipra Guha, then a U.G.C 
post-doctoral fellow doing researc 
under him. "Actually she shoul 
have been awarded the Bhatnags 
award instead of me!" he remarke 
modestly. 

The Idiom 'a chip of the old block 
very much fits in with Prof. Mahesl; 
wari, carterwiae and rcKarchwis< 
His father, the late Prof. Panchana 
Maheshwari, F.R.S., a renownei 
botanist, made a deep influence o 
him. "Even when 1 was a child ther 
was no doubt of my becoming . 
scientist. In fact the atmosphere 
was in was so." he said reminiscing hi 


Prof. S.C. Maheshwari :an interview 


IV SVad Swv BhatMar Prbs far bfeloakal arkacn for 1972 bas bora to D 
S.C. M^^aart, Profawor of BoUiBy. DoM VMnnHy. iolMly mith Prof. B.R. Blnwa 
Beoalasdtult. CVeaM. 

Prof. MataAwvt baa awSr shpdfIcaBt contribottoi la Nw area of pbnt and c« 
payalolagy. awsiralarfy la iba pbT o kdop and Nocbcnlstry of arowlh and dlffartadatloo I 
pbab. Hb raotarvbio law rracated a oc« freaa of if oatt bonnonca, eytoktolna. 

Prof. Mabi^aitt oad hbboa re ew uly dbcewcd tbt (ecbnlqar of ralslB« ha^ 
plaats by aatbar caMwo. TV draolpawral of VoMda by aattwr and polira cuhait (ccbolqi 
iwkrapawble tV ^of lyimua b pbab. 
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Prof. KfakcAwKri 


liMhood. Ht lud schooling at 
Hcca (now Bftngladeth), where his 
(her was head of botany depart* 
ent. After partition, when the 
mily returned home, he joirted 
. Stephen's College, Delhi, to 
) Honoun in botany. *'Frankly 
eaking. I was more interested in 
temistry thanin botany,'' laughingly 
; said, "However, on my father's 
sistance, I took up botany." This 
>sei$ion with chemistry had not 
ed in course of time but persisted, 
id paid him off later. 

After graduation in 1952 and post* 
aduation in 1954, both from Delhi 
niversity, Prof. Maheshwari did 
i.D. under Prof. B.M. Johri of 
eibi Univenity. He also did 
aching, v^uch, according to him. 
'ovided him with "a broader 
itiook of llv subject than research 
ID provide." Later, he visited and 
udied at several prestigious foreign 
livenlties. He went abroad as 
U.S.A. Fttibright scholar, Momi 


habha Fellow, and as a young 
ientist on the y.G<C. British 
ounetJ programnie* Although he 
odied at vanoui places, he remem- 
m Jus stay at Cah/onua Institute 
* Technology for special reasons: 


here he was wt^ing under Prof. 


Jamee Bonner, an enineot plant 
biochemist. Here, for the first Ume, 
he got the ^Tportuoity to work in 
an interdisdf^inafy field—botany 
l^us chemistry. This eocourtged him 
to work along this line, and what* 
ever be has cootnbuled to date is a 
result of this combtnalion of tiK two 
subjects. HU field of interest is, 
therefore, |daol physiology and |dant 
biochemUtry. At present, apart fr^ 
his researches on tissue culture* 
technique, be U working with 
his students on 'Eairaction and 
identification of hormones' and 
'Efiect of photo-period on plant 
growth and reproduction." 

Today there have been revolution* 
ary developments in biology because 
of the introduction of physics and 
chemistry into it The modem bio¬ 
logy, therefore, for understanding 


and research, demands of a studen 
good grounding in these subjects 
"So the present syllabus needs over 
hauling to suit the needs of moden 
biology." Prof- Maheshwari feels 
and he added. "Our students ar 
good, bur the training imparte< 
to them is defective." .Quite i 
point not to be overlooker 
by our academicians, parti 
cularty, biologists 

Bouny appears to be in Mahesh 
wari's family—because his wife. Nir 
mala, is also a botanist. She teacher 
the subject in a Delhi University col 
lege. His hobbies? Eptcept one, none 
listening to classical and western 
music. "After so much tension o\ 
work, music gives me complete 
relief"—that, I suppose, is his secrei 
of working incessantly. 

Dma M. Saiw; 


International Symposium on 
Industrial Toxicology 


A n intemationaJ Symposium on 
Indiistnal Toxicology held at 
Lucknow during November 4*7. 
1975 under the auspices of the Ind* 
ustrial Toxicology Research Centre 
(ITRC). Lucknow, provided a com¬ 
mon forum to scieatisu from difie- 
rent parts of the world to exchange 
their experieoce and views on some 
aspects of environinenta] and indus¬ 
trial toxicology. Thiny five delegates 
from Federal 

Republic of GermaiQr. France, 
German Democratic Republic. 

Iran, Sri lanka, Uniied 

Kingdooi, United Stales of America, 
Sweden and Yugoslavia. Sixty lix 
delegates from iMia nod twenty 
obnerven participated in the sym- 


In his inaugural lecture. Pro 
H.J. Hapke. Institute of Toxicology 
Hanover. FDR. outlined the mt 
chanism adopted by nature tu conlai 
the harmful effects of lead. Adapti 
tion to lead is mediated by a proce^ 
of adjustment of the content an 
function of certain proteins in th 
target cell. These proteins hXN 
the ability to hold a widely fUxibI 
concentration of lead. Anima 
which were exposed already to si 
veral low doses of lead, when cha 
Waged with a toxic dose of the meta 
wilhstood the same, indicating th 
operation of an adaptation mechi 
nism. 

Prof. E. Osilund, Research Four 
dalion for Occupational safety an 
Health. Stockholm. Sweden, dei 
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ibed the working of the Occupi* 
>na] Health Service of the Build* 
g and Constrxiction workers of 
veden. a service facility sponsored 
intiy by the workers and manage* 
ent of the Building and Construe* 
>n Industry of Sweden. He retrr* 
d to the trend of larger number of 
;aths due to cancer occurring among 
umbers, masons, painters, etc., 
an in a comparable group of Swa¬ 
sh citizens. 

Noise due to vehicular traffic, 

: planes, industrial operation, etc., 
n be an environmental pollutant 
id can produce adverse efiect oo 
alth. Prof. Alice Lehmann, 
stilule of Acoustic Physiology, 
ris, France, described experiments 
th mice designed to evaluate the 
nergislic effects of noise and alco* 

] on behaviour. 

The session on epidemiology sur* 
/ed lead'poisoning in a commu* 
:y in the vicinity of a lead 
lelter in the Mezo valley of 
igoslavia, the tile and pottery 
)rkers of Iran, mentally retarded 
ildren, surveillance of lung dIsea- 
i caused by asbestos and silka. 
mp workers* disease, excretion 
ttern of toxicants and their pro¬ 
ds in human urine, survey of cccu* 
tional health hazards in factories 
ing hydrogen sulphide, health 


problems among arc welders and 
petrol pump worken. 

The sesaioD on metals surveyed the 
effect of lead, ainc and manganese 
on various tissue enaymei of experi* 
mental animals. There is a great 
rKed to understand the efiect of man* 
ganese on the nervous system. Iron 
deficiency was shown to make ani¬ 
mals more susceptible to the toxic 
effect of manganese. There is thus 
an interaction among metals. The 
use of chelating a^nts and the anti- 
tubercular drug, p-aroino salicyclk 
acid, in the treatment of metal toxi¬ 
city was suggested. 

in pursuance of recommendation, 
the Asian delegates to (he Sym¬ 
posium formed an Asian Society of 
Environmental and Industrial Toxi¬ 
cology with its temporary head¬ 
quarters at ITRC, Lucknow, with 


A n All India Symposium on 
‘'Applied Magnetism. Magnetic 
Materials and Magnetic Devices’* 
is being organised by Magnetics 
Society of Irsdia in the third week 


Dr. S.H. Zakli, Director. ITI 
Lucknow as iu preitdeoL 
The symposiuoi brought to fo> 
critical information on the bioc 
mical mechanism of cell and da 
injury caused toxic aaterials. 1 
discussions revenled many gbf 
lacunae in our knowledge conce 
ing the disease process caused 
industrial toxicants, and hence i 
deficiency of both therapeutic a 
preventive measures. A numbw 
new problems were identified a 
valuable suggestions made for i 
proving the cunently used expe 
mental techniques. 


of March 1976 at Hyderabad. 

For more information, write 
Dr. M.K. JoAi, Hony. Oenei 
Secretary, Magnetics Society of Indi 
C/o DMRL, Hyderabad*S00258. 


S.i.A. TlKMl 
R.R. Kh> 

I. T. R, 
P.B. no. I 
LuckQow-2260 


Symposium on applied magnetism 


OLYMER SCIENCE {Comirutd from p<^t 149) 


gy. Hand in hand the search for 
w polymers is keeping pace; for 
en (he presently available polymers 
t not completely free of disadvan- 
ges. Rocenc approaches towards 
e solution of this problem invoke 
ecific structural modifications of 
e polymer to eliminate the source of 
sad vantage. Such an approach has 
en largely aided by the rapid gro- 
th of polymer science as a separate 

lENCe REPORTER 


and rigorous scientific discipline and 
the continuing demand all around 
the world for better and useful man¬ 
made materials. 

Farther reading 

1. S.K. De. SdtiHt RipwttTt 9 
(January 1974); S.K. De, iM., 
p.163 (April 1974); S. Maiti. 
ibid, p.S2$ (Dee. 1974). 

laa 


2. Pearce, E.M., Ed., Acryicniirile 
Macromohetties, Applied Pol; 
mer Symposia No. 25, Joli 
Wiley and Sons (1974). 

3. Takamatsu, T. Ohnishi, A. 
Nishikada, T. and Furukawa 
Ahereating Butadiene—Acryh 
nitrile Copolymer^ Rubber Ag 
Volume 103, p.23 (1973). 

MARCailP 
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MEDICAL NOTES 


Vitamin Bir—an 
anticancer agent? 

A CCORDtNG to Ernst Krebs, 
A. Jr-.Viumin repre$enu$ome 
Qzen compounds collectively known 
i nitrilosides or cyanophoric glycosi- 
es that are produced in over 1000 
)ecies of plants. Some of them arc 
f dietary significance in animal 
utrilion, metabolism and function, 
he most commonly available che- 
lical form of such vltameric nitri* 
>sides is amygdalin (also known as 
letrile, nkriloside)* a compound 
rst isolated in 1830 by Robiquct and 
ioutron as a white* crystalline* water 
oluble, slightly bitter sweet and non- 
>xic substance, later found to be 
resent in the seeds of many fruits 
nd in parts of other edible plants, 
t has t^en a food to man from his 
fimitive days and is a notable 
onstituent of the diets of wild 
ami votes and herbivores* as vi«ll 
s of the domesticated sheep and 
attte. Rich sources of amygda* 
in are apricot nuts, cherries and 
>runes. Chemically, amygdalin 
i D-mandelonitrile—^‘D-glucosido- 
'^•glucoside. Many therapeutic 
ITects of pure and impure prepara^ 
Ions of amygdalin have been repor* 
ed iDcludiag their laxative, sedative 
nd antihelmintic actions. Thecom- 
>ound is also known to be useful in 
he treatment of asthnm, acne, impe- 
igo, prurigo senilis and edema. 

Recent years have seen a great 
ontroversy over the use of vitamin 
as an anticancar agent. The flnt 
mown accounts of anticancer activity 


of amygdatin appeared in 1845-46, 
when a French physician, J.D. 
TnosemuofT treated his patients with . 
oral amygdalin. A similar report 
from the United States first appeared 
some 80 years later. Interest in^ 
vitamin as an anticancer drug 
was revived in this country in 1953, 
when the Cancer Commission of the 
California Medical Association con¬ 
tended amygdatin tu have produced 
certain metabolic and palliative 
effects in human career patients. 
Such a notion was endorsed in 1963 
by the Cancer Advisory Council of 
xitt California Department of Health. 
With metabolic improvement, a 
variety of benefits for a normal health 
and for metabolic and nutritional 
states in pathological conditions like 
cancer, sickle cell anemia and as* 
thma, etc., ensue. Currently about 
20.000 cancer patients in the United 
States are taking amygdalin. usually 
by mouth. But they do so without a 
physician's prescription: since accor¬ 
ding to the regulation of the Food 
and Drug Administration, amygdalin 
cannot be prescribed as anticancer 
drug. However, there is no legal 
bar on the chemical to be sold as a 
'food* in this country, it is also known 
that amygdalin in the patent name 
laetrile U being taken by numerous 
cancer patients throughout the world, 
essentially without abrogation of the 
existing law. 

The anticancer activity of laetrile 
has been confirmed by five in¬ 
dependent research institutions In the 
United States, France and West 
Germany on a wide variety of 
animal cancers and human cancers 
maintained on animal hosts. The 
chemical is believed by some investi¬ 
gators to control cancer by stopping 
the rapid multiplication of tumor 
cells. However, the Food and Drug 
Administration of the United Stales, 
American Cancer Society and the 
American Medical Association claim 
laetrile as ineffective in human can¬ 
cer control. The laetrile advocates 
UiUOler that Che substance has never 
had a true test by authorities, that it 


is suppressed unfairly and unsciem 
fically, and the reason for the suppr 
ssion IS that cancer is a business' 
16 billion dollars per year for tl 
nation's medical community at 
drug industry. Di. Dean Bur 
Head of the cytochemistry section 
the National Cancer Institute 
Bethesda, Md (U.S.A.), recently to 
a convention of the Cancer Contr 
Society that he considers laetrile ** 
front right now as a treatment f 
cancer". Dr. Ernst Krebs, Jr., i 
enthusiastic advocate of laetn 
therapy of cancer, recently told t 
National Tattler: "When alt is ovi 
they will find that laetrile controver 
is the Watergate of cancer research 
Amygdalin has been found to 
harmless through various anim 
and human experiments and its no 
toxicity as a food item is now beyoi 
question. In all fairness, (herefoi 
in any part of the world, legislatii 
should not deprive this so-call 
anticancer vitamin of a reasonai 
trial in human subjects. 

B. P 


Yoga induces 
physiological 
effects 

Y ogis have long claimed th 
yoga can cure diseases. Seep 
cism however persists. There h 
also been a debate whether yo 
induces any physiological effect 
the body. Professor K.N. Udu 
and his colleagues at the Institute 
Medical Sciences, Banaras Hlii' 
Uoiversity, Varanasi, have recen 
shown that the effect of yoga is r 
only physical but also biochemi( 
and physiological. They have shov 
by experiments on human subjec 
that combined practice of yoga p' 
duces psychological, neurobunjor 
physiological, endocrine awl otj 




neUbotic changes in the bod>. 
*hese studies evidently reveal that 
he aetion of yoga io the body i* 
eeptr than generally undentood. 

The optimum practice of yoga 
onsists of eight succeisive stages, 
he diflereni types of asanas <physi¬ 
ll poiturei) ire preparatory steps in 
>e total practice of yoga. Because 


the practice of individual asmtas or 
physical postures may have iU ovn 
significance in total or con^Miicd 
practice of yoga, *t wilt be worthwfaik 
testing the effects of practlaieg indi¬ 
vidual asanas. Such knowledge wUI 
be useful in devising therapeutic 
application of individual oamof ia 
clinkat practice or otherwiK for 


ivactn^ them to keep good heal 
Dr. Udnpa and hh colkeaguei hi 
«—ifc4ed a study on haman it 
ie6la» which were divided into thi 
gronpi {/nd. /. Msd. Rgt. O 
IB64-7I. 1975). Each group prac 
aid for sia months one of Uw thj 
haportant asanas^ namely. Servant 
aaa (atandiog on shoulders). Sh 
shaana (standing on head) a 
Halaaatsa (plaw pose). Each of Ihi 
asmas aas practised along with 
rvapectivc complementary poitu: 

Matsyasana* Mayurasana ai 
Paahcbbnattansana. These coi 
pi cme ptary asanas are consider 
csaeniial to obtain optinui 
teautts. 

The result of each asana showed 
certain degree of specificity in actio 
The effocu of Sarvangasau were le 
phyiBcal artd more physiological— 
particularly induced cardiorespir 
tofy functions. The endocrine < 
other metabolic effects were lo< 
Shnfanana produced leu physi 
logical ebanges. The tft^U ' 
Hatemna were mainly of pb 
ikal aniure with minimtun 
logical changes. The changes obae 
md by the practise of each posture ci 
abo he attributed to some cxteiU i 
the acGompanymg complementai 

la another experiment the n 
senccheri found that breathing yog 
exeiciae Praniyama not only impre 
ved respiratory functions but ali 
accebfmted adrer>ocortical functior 
(functions of the cortex region of tt 
adrenal gland). The accelerate 
adrmocorticBl fuitctions. accordin 
to the researchers, may produce i 
the sul^t a competence to cope wit 
the stress conditions. Each yog 
practice, despite some broader trertdi 
appears to have some degree c 
specificMy of Its influence. Obvi 
ously, such influences msy be of us 
in ciiairal application of yogs. 


Zaka Imai 


me>ical note 


Separation of protein fractions from 


blood 

I UMAN pU$m« pn^ios have 
found a vtnety of cUnical appli- 
tioDs.~ Fibrinogen ii used in the 
tatmeQ( of burns and in skin and 
>rve grafting. Fibrin films and 
ams are used in surgery and 
)rinogen in (he treatment of hae* 
ophilia. Gammaglobulin is used 
the prophylaxis and treatment 
' viral diseases like measles and 
fective hepatitis and for attenua^ 
3D and suppression of infective dU 
ases in children. Albumin is used 
>r intravenous therapy in conditions 
illing for massive transfusion of 
rotein in a restricted fluid bulk, 
lood albumin from animal sources 
used as>a clarifying agent in wine 
taking, sugar refining, cooking. 


plasma 

or commercial application. 

The plasma protein fractions from 
blood plasma prepared by this pro- 
cess have been tested end found to 
conform to B.P. specifications in 
fibrinogen and gammaglobulin, and 
U.S.P. specification tn albumin. On 
disc electrophoresis in ploy acrylamide 
gel, fractions prepared as above have 
been found to be of comparable purity 
to those of standard preparations 
commercially available. Their electro¬ 
phoretic characteristics on micro¬ 
electrophoresis in the Antweiler appa¬ 
ratus confirms (hat their biophysical 
properties are unaflected by the 


fractionation procedure. 

The present process offers 
number of advanuges over the coi 
ventional ones baaed on Cohn 
method of salt-aJcohol fraclionatio 
or the MRC method of fractione 
lion using solutions saturated wii 
ether. It can he carried out at 
and so costly refrigerating equipmei 
for maintaining sub-aero temperatun 
is not required. Hence costa woul 
be considerably reduced and ih 
process would he easier to operati 
The avoidance of organic solven' 
ensures that the biological activii 
of the separated proteins will not t 
impaired. The process has bee 
assigned to (he National Reseaix 
Development Corporation of Indi 
for release for commercial utilizi 
tion. 


ilico printing and photography. 

The present process has been deve- 
»ped by the scientists of the Indian 
istitute of Experimental Medtcine, 


Herpesvirus cancer vaccine 

developed 


!alcu(ta, for the separation of protein 


actions from blood plasma by 
recipitation with a mixture of potas- 
um dihydrogen phosphate and di- 
3dium hydrogen phosphate of pro- 
ressively increasing concentrations 

> bring the phosphate concentration 

> 1.1, 1.6. 2.0. 2.4 and 3.3 Mat 
H6.3 to get fractions of fibrino- 
en. gammaglobulin, beta-^obulins, 
Ipha-globulins and albumins res- 
ectively. 

The separation ii carried out at a 
smperature of 20±1*C. 

*nte non-specific resistance factor, 
iroperdin, is recovered in gamma- 
lobulin fraction. 

The process may be applied to 
»lood plasma of either human or 
Aiinal origin for the preparation of 
tlasma proteiu fractions for dinicil 


F.RP£Sy/f(US s oteUs (HVA) 
induces malignant lymphoma m 
several monkey species. The virus 
has been isolated from a non-human 
primate {Nature. 3S2. 182. 1972). 
Because of iu importance to a human 
herpesvirus, the Epstein-Barr virus, 
which is associated with Burkitt's 
lymphoma, is currently the roost 
important candidate as a human 
cancer virus. HVA-induced malig¬ 
nant lym^ioma in marmosets (.Sqg- 
uMitf oetHptis) provides a model 
system for the production and testing 
of vaodne against suspected on- 
cognenic herpesvirus in man. Drs. 
R. Laufs and H. Steinke of the Hy¬ 
giene Institute of the University of 
Cotriagen, West Germany, recently 
prepared a killed herpesvirus vaccine 


by inactivation of (he oncogen 
HVA with heat and formaIdehyi 
(/. Noti Cmcer /nr/.. 55. 649. 197! 
The vaccine proved safe in 9 ma 
mosets during a period of 461 dt) 
The vaccinated marmosets develops 
high titers of serum antibodies again 
HVA and were resisunt to 316 leth 
doses of cell-free HVA; (be nonvacc 
nated control monkeys died of mail 
nant lymphoma. The five challe 
ged monkeys were clinically well ai 
had been under observation for 3< 
days at the time these investigate 
reported their findings. This succe 
has implications for the plannto 
production and testing of vacein 
against suspected human tumo 
viruses. 

Bhakti Dat 
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The nkOM 

Full moon occun on 14ib at 
19 p.m. and New moon on 29th 
3-50 p.m. l.ST. 

The moon passes about two deg- 
north of Jupiter in the evening 
l$t. six and a half degrees south 
Mars on 7th. ilve and a half 
grees south of Saturn in the 
ming of 8th. and about 3 deg- 
iS north of Venu.'' on 28th. The 


lunar crescent becomes hrat visible 
after the new moon day in the even¬ 
ing of 1st. The moon is at perigee 
or nearest to the earth on 14th and 
at apogee or farthest from it on 
27ih- 

Solar rOifnK 

There will be an annular eclipse 
of the sun on 29th. The eclipse will 
be visible in the whole of India be¬ 
fore sunset as a partial solar eclipse. 


T>e pISMta 

Mercury (Budba) is too near i 
sun to be visiNe during the 6 
half of the month. It wilt be 
superior conjunction on 1st. The 
after it reappears as an evening s 
and sets about an hour after suns 
It passes about two degrees noi 
of iuptter on 12 lb. It is at t 
greatest eastern elongation of abc 
21 degrees from the sun on 28i 
It moves from Pisces {Mina) 
Taurus {Vrisfia) through Ar 
(Mesha). Its visual niagnifu 
varies from —1.3 to -|-0.7. 

yenus (Sukra). a morning sti 
rises about an hour before sunri 
during the first half of the mon 
and half an hour before it during t 
second half, ft moves from Aqu 
Hus {Kumbha) to Aries {M^sh 
through Pisces {Mina). Its visti 
magnitude is about ~3.3. 

Mars (Mangala). visible in t 
evening sky. sets at about local mi 
night during the first half of tl 
month and about half an hour befo 
it during the second half. It is 
Gemini {Mithma). Its visual ma 
nitude varies from -f 1.1 to +1*^' 

Jupiter (Brihaspati). visible in t) 
evening sky. sets about an hour afl 
sunset during the first half of tl 
month. Thereafter it is too ne 
the sun to be visible, being in co 
junction with the sun on 28th. 
is in Aries (Mesha). Its visu 
magnitude is about —1.6. 

Saturn (Sani). visible in the eve nil 
sky. sets at about local midnig 
during the first half of the mon 
and about half an hour before 
during the second half. It will I 
in quadrature with the sun on tl 
16th. it is in Cancer {Karkan 
its visual magnitude is abo 
-0.3. 

Source: Nautical Almanac Ur 
of the Meteorological Office. A 
pore. Calcurta-27. 



The vast wealth of oceans 


ONG ago, in the dim past, a 
^ drop or molten matter placed 
ieir in the universe and began an 
dependent life. It turned on its 
ivn axis and gradually assumed a 
»herical form all the while moving 
an elliptical orbit around the sun, 
s parent. That drop was earth. 
As time passed, it begun to cool, 
lore than 70% of its surface got 
)vered by a liquid—water. Matter 
K>k a peculiar turn in its evolution 
od a mysterious process called life 
arted in these waters. Gradually, 
fe culminated in a thinking tool 
tiled man—a bipedal mammal, 
(c called the vast expanses of waters, 
ceans. 

Oceans are the life blood of the 
arth. They regulate earth's dimate. 
‘hey are inexhaustible sources 
f power. They contain immenae 
linerel resources. They have vast 
tores of plant and animal life which 
an be eflectively used as food for 
lit growing population on earth, 
'or fully utilizing the resources of 
^ oceans new technologies have to 
« developed. 

It will be interesting to have a 
eep into the future impacts that 
bese new technologies will produce in 
be utilisation of the oceans. Dns- 
ic changes are expected in the field 
f production and harvest of food 


from the oceans. About 130.000 
milliofi tonnes of organic mailer is 
produced in the oceans annually. 
But,ei praeeoi. the oceans supply only 
13% of the world's animal^protein 
intake. It is believed that protein 
from the oceans can feed about half 
the worid*s popubtion. But pre¬ 
sently mankind is utilising only 
t/2000lb of Che organic matter pro¬ 
duced ra the oceans. This is because 
our present techniques of fishing are 
not conducive to the rapid expansion 
of the fishing tndustrv. By employ¬ 
ing advanced methods like spacecraft 
and sonar devices to detect fish 
schoob aod by resorting to electrk 
fishing we can increase the fish pro¬ 
duction many times. 

Another method of increasing food 
pfodudioo from the sea is the direct 
harvest of planktons. Planktons are 
the proteinH^ microscopic orga¬ 
nisms on which shrimps, fishes aird 
whales feed. By one estimate, a 
plant would have to process more 
Chan 1182 mOlion litres of sea water 
just to produce a tonne of plankton. 
But th^ nutritive value is defini¬ 
tely high. Modern methods of pro- 
food stuffs can make the ani¬ 
mal pUaktoo both pleating to the eye 
aod palale. When we have begun 
to use plankton as food, the 

food resources of the sea within our 


reach will have increased by 5(V1C 
per cent. 

Culturing and harvesting pUnklo 
is also a potsibiJiiy for the futun 
It is estimated that If one millio 
hectares of the sea is used for plai 
kton culture, ti will give enough pn 
tein for all the people in the worli 
Production of phytoplankton 
primary food prodiKcrs of the octa 

is dependent on the availability < 
nulrienu like nitrates, phosphate 
silicates and trace elements from tl 
bottom waters. They are brougl 
to the sea surface by gradual raisin 
of the sea waler. This process 
called 'upwelling*. According 1 
certain oceanographers, if a pipe 
lowered to 6.000 feet, it would nee 
only a little pumping up through 
to start a perpetual artificial 'upwe 
ling*. This is because, in the depth 
water will be cooler and denser / 
it rises up, the pipe water wdl g 
wanner and less dense than the wat 
outside the pipe. So it would th< 
rise on its own account and the pr 
cess will go on automatically. Th 
seems to be a simple method for ere 
ting upweINng. But, mjy he bee 
use of the practical difficulties, noi 
has tried it so far. 

Minerals are the foundations i 
which industrial nations are but 
Oceans contain many types of min 
rals in immense quantities. ValuaV 
metals, oil and natural gas are i 
found in the oceans. For their c 
traction, new types of machines ai 
technologies are already being de^ 
loped. Offshore welU supply 20 
of the world's oil and 7% of its g 
needs today. By 1980, it is expect 
that 30% of the oil will be obtain 
from offshore wells. 

Culturing organisms which cc 
centrale valuable chemicals like i 
dioe. nickel, cobalt, cerium, vat 
dium or molybdenum in their bod 
and then harvesting these biologi' 
ores ia another interesting prospe 
Waler is the most important 
souree from the sea for living beii 
OQ earth. Fresh water from the i 
cao be obtained by deulinatii 


CIENCK FOE THF YOUNG_ 

irge sokie desaliMtion of sea water 
' iMing nuetear power U in progress 
the world. Drs. Williarn Campbell 
td Wilford Weeks of U.S.A. have 
iggested a very interesting idea to 
i fresh water from the sea. Large 
iscrts can be made to bloom if their 
ea is adopted in practice. Their 
ethod is to utilitt the icebergs of the 
retie and Antarctic ice caps. Acco* 
ing to I hem the large icebergs which 
inge the Antarctic continent can 
' towed by ships to region^ where 
e fresh water supply is poor. 

One day, mankind may he able to 
e the energy stored in the 
as rather than in the oil and 
is deposits beneath, today, tides 
the mouth of the Ranee river 
oduces 240 Mw of electricity a year. 
ie National Commission on Sci* 
ICC and Technology (NCST) of 
idia has made a detailed study on 
e possibilities of tapping tidal 
twer from our coasts. 

The temperature difference bet- 
the upper warm and lower 
Id marine waien can be succeaa- 
Uy converted irrto electrical eoer- 
An easily vaporizing liquid - 
.e ammonia or the commercial 
rrigcranl Freon^couid be passed 
rough a closed loop of pipes sub- 
erged in the sea. In the warmer 
Iter near the surface, it would he 
porized; at depth, it would be 
luehed again The result : a con- 
luous flitw that could drive a tur- 
igeneraior. And another advan- 
ge: it would be pollution-free 
Another interesting proposition is 
mming the sea to prevent harm- 
1 currents. The northern stales of 
lissia ate covered with ke for most 
(he year. For utilising these 
berian wastes for agricultural pur- 
rscs, the ice which accumulates here 
a to be melted. The energy re- 
lired for this is beyond our imagi- 
i*on. But Rimians have found 
e<gy solutioo to this problem. 
*y are plandiof to put a dam ac¬ 


ross the Berring Straits between 
Russia and Alaska, and to pump the 
cold water out of the Arctic into 
the Paciftc. This would make 
the warm waters lo flow into 
(he Arctic from the Atlantic and 
would melt the polar ice cap. In 
three years the water temperature 
in (he region would rise to and 
would enable va\i new areas of Russia 
to grow plants. Bui there would he 
dangero'jN side-effects also. So it is 
doubtful whether this scheme would 
ever be transformed into reality. 

Don'.estication of marine mammals 
like dolphins to assist man in the 
oceanic depths i$ another possibility 
of ihe future. 

If the population on earth conti¬ 
nues lo increase at the present level, 
each man >vin have only a square 


L ike energy meter, water meter 
is present in those houses where 
water is supplied through pipes. 
Bui unlike energy meter, it lies some¬ 
where hidden in a corner of Ihe build¬ 
ing-connected at the main supply 
of water to (he building. Some¬ 
times it is alsi> independently used 
in each flat. It is employed not only 
for measuring the Bow-rate of water 
in homes but also in factories. The 
Bow-rale is usisally steady and low 
in homes, but is high and Buctuating 
in factories. 

A 'drum type meter' is employed 
wherever there is a low flow-rate of 
water, viz., homes. In factories, 
usually a 'Wolimann meter* is uti¬ 
lised. 

Rate of flow oMter 

Employed wherever the Bow-rate 
is high, this type of meter consists 


meter of living space on land al 
500 yeao. So it Is reasonable 
predict that in future there will 
under-water cities and industi 
complexes for extracting the mine 
wealth of the oceans. 

Man has always considered ocet 
as a common property. Even 
day. in general, this concept rema 
intact. As the exploitation of i 
sea-bottom riches starts there \ 
be sonw sort of struggle to posn 
the bottom lands unless suital 
agreements arc reached between i 
mariiiiTke nations. The Unii 
Nutions Organisation is alrea 
considering the question of interr 
tionalizalion of the sea-beds. 

P.O. Jao 
/nstitute *if Ortano$rcp 

G 


basically of a propeller which rota( 
when water flows across it. 
counting mechanism directly recon 
its rotation rate through worm gea 
It is apparent (hat (he number 
rotations of this propeller accoun 
for a fixed amount of liquid flow 
For instance, if Bve rotations are r 
corded per minute, (here is a corre 
ponding flow of Bxed gallons of wat 
per minute. So. while manufacturin 
the dial is directly calibrated in tern 
of gallons. Hence, the reading of tl 
dial gives the rate of flow of wan 
when measured with respect lo tim< 
This meter is called 'Woltman 
water mefer.' 

For household purposes, where tf! 
flow-rate is low, an impeller type c 
water meter is utilised. It also cotr 
prises of a propeller which moves du 
(0 the flow of water, and while doin 
so drives out water to the outlet. U i 


How water meter works 
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CONTAINER NO. 1 

i 


CONTAINER NO. 2 



OUTLET OF 
NO. 3 


CONTAINER NO. 3 


Flt.1 


i two typa : one in whkh the covAl- 
If ae^AQiun n plKed in n dry 
hnaiber. but Ihe reil it immeraed in 
raler. In the oUmt* all parts are 
suntned in water. The latter has 
natar accuracy, bat its drawback 
I the sticking up of dirt present in 
vater to its dial and other compo- 
ents. 

aeter i 

These meters are employed for the 
cnirate measurement of very low 
ites-ofoflow. [n this type, there are 
Ota ting compartments or containers 
Fig. 1), each having a hxed capacity, 
rhrough an inlet water falls into a 
ontainer. and flows out via an 
outlet when the container is full, 
fhir^rocedure repeats in a cyclic 
ashion in all the containers. The 
ommonly employed meter for such 
'olumetric measurement is the "drum 
ype meter*. U comprises of three 
ontainers with an inkt for water at 


the centre. Water falb into the 
6>ntaioer which is very well below 
the inlet, and as the container 1 fills 
up it becomes heavy ar>d therefore 
pushes the container 3, which during 
this period empties itself. Subse^uen* 
tly, container I replaces 3, and, in 
this manner, others are similarly 
displaced. Container 2 then comes 
below the inlet, and water starts 
pouring into it. As the quaniiiy of 


water increases, it suns lowerh 
down into container I, pushing tl 
water out. This process conlinu< 
i.e., 2 replaces 1 , and so also tl 
others do in a cyclic manner. Whi 
this continues, (he slow circulato 
morions of the containers a 
recorded externally, and the rate 
flow is measured in fixed volumes 
water. 

Veniurimeter type 

Every science student is well a 
quainted with (ne venlurimeier (ul 
^ long tube with a constriction 
the middle. When a steady flu 
of water is regulated through the tub 
it is apparent that at the cross-se 
lions A and B (Fig. 2), the fle 
velocity is the same but at a narrow 
cross-section, C, the flow velocity 
higher. The increase in flo 
velocity at the constriction leads 
(he lowering of pressure in accor 
ance with the *Bemoulli*i principli 
So if manoroeters are iaatalled 
Chcae thRC crciai mefmm A, B h 
C, K b found that the manomet 
nadia^ ai A and B are lame, wh 
at C it is diflerent. Since it is knot 
that there is a conation betwo 
the difference in pressures at A ai 
C with the flow velocity of wap 
the knowledge of the pressure difl 
fence tells the flow-rate of wai 
through a pipe. 

Dll IP M. Sau 
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Science wheel-word puzzle (chemistry) 



Clw 

TU rta: (dwkiHse) 

1. A deadly drsease 

2. A pear shaped distiilalion veiac 

3. A chanctcristic deposition vol 
ttge of the metal 

4. A kind of thermoplastic 

5. A kiod of protein compound 

4. A process for the production o 
pure acetic acid 

7. A name known for idea 
behaviour 

5. Inventor of a counter 

The i^^es: The irords begin free 

the CMSioo axle cJee no 9. 

t. An old type retort with i 
removable cap and neck 

2. A vessel In which substances mai 

* 

be heated under pressure 

3. An alloy of mercury 

4. A hydrometer for oils 

5. A sealed glass cootainer whici 
guards substances from atmos 
phcrc 

6. Devoid of regular structure 

7. One of the pair of lubstancei 
iHM»e space formula is the mirrci 
image of the other 

S. A strong mixture of strong acid; 

PjUBHAKAJt BeLAVADI 

Depft. of Ch€mistry 
FJG. Centre, Gtt&argtht 
(Karmuka] 



Is rice tjboo for the 
m pUceof 26 tm. 
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Lead extraction technology 


T he Nftlionai Meullurgica] 

Laboratory has successfully 
developed a simple acid economical 
process for extraction of lead metal 
from the lead concentrate of any 
chemical composition. Apart from 
being simple and economical, the 
process is technically soutid, feasible 
in small and big scale sectors and 
is flexible as far as the mode of 
energy for smelting is conoemed. 

Proecaa paraneters 

It is well-known that some metals 
can be produced by metallo^thermk 
techniques in which ■ more reactive 
metal serves as a reditctant for ex¬ 
traction of a less reactive one. By 
heating a mixture of the )<^ucUnt 
metals and the compounds of the 
metals to be reduced to a JesiraUe 
temperature, a reaction sets ia by 


which there is an exchange of radi¬ 
cals* and the ^red meUi is ]ihera< 
ted from its compound form. The 
process as developed at the NML 
seeks to derive the benehi of this 
principle to extraa lead by a cheap 
and effective reductant by not only 
liberating the lead in its metallic 
form, but also converting the metallic 


lead into a commerciaNy useful sul¬ 
phide, thus retaining the sulphur in 
a usable form. Further, ihcre is 
00 need of roasting and sintering and 
dust catching equipment in this 
technique, so avoiding nir pollu¬ 
tion frum sulphur dioxide and lead 
fumes. 

The lead concentrate is mixed 
thoroughly with the reductant and 
some fluxes, and smelted in a cruci¬ 
ble furnace, vcrticle shaft furnace or 
electric furnace without any contact 
with air The process can be batch as 
well as a continuous one depending 
upon the furnace of ^melting and ih 
capacity. 

Ecosomic feasihilit) 

Techno<conomica]ly feasible on 
small and big scale, the process is 
yielding the metallic recovery of lead 
to 90%, which is higher than the re¬ 
covery obtained on ihc commercial 
operations following the conven¬ 
tional practices. 

The. lead metal produced by 
this process is having purity 
above 99. S% and carries entire 
silver present in the cortcentrate. 
which can also be recovered 
by usual conventional methods. 
Another advantage of this process 
is that in a single step the lead is 
recovered in a metallic form and 
the sulphur retained in the slag 
mostly as a sulphide of (he reductant 
metal. The costly investment of a 
blast furnace and sintering unitx 
is also avoided in this process. 
Any source of energy cheaply avail¬ 
able at the site of the plant such ai 
gas, coal and electricity can be used 


ItMe. 1 

estimated as followi 


msem consumpoou 


DGTD 

Steel 

Small leak indusines 
Defence aad allied 


TOTAL 


1972*73 I97g.7 

(Tonnes) 


47,500 79.70 

AM 13 

16,000 21,40 

10,000 16.00 


74,000 
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or simiting by this process. The 
iroduct has also very succeufulty 
«en extruded into lead pipes for 
ommercial use. 

Based oo the successful work done 
>t the NML» M/s. Hindustan Copper 
..td. are very keen in implementing 
his process for treating the lead con* 
entrate from their recently inau- 
(urated plant at Bandala Mutiu. 
Vndhra Pradesh, having a capacity 
»f 10 tonnes of conoeotraie per day, 
he concentrate assaying 50-55% 
sad. 

Besides Hindustan Copper Ltd., 
nany other units such as Sikkim 


r ECHNICAL knowhow for the 
manufacture of magnetic tapes 
)r cassette tape^recorden has been 
eveloped by the N.P.L., New Delhi, 
it present large quantities of these 


Mining Corpn. which » also a pro¬ 
ducer of lead concentrates will 
eventually be interested to take up 
the know-how for recovery of lead, 
the bulk requirement of which at 
present is being met by imports, 
(sec Table. 1) 

Against the above figures of pre¬ 
sent cotksumption, the smelter at 
Tundu, a unit of M/s. Hindustan 
Zinc Ltd., is at present producing 
around 5.500 tonnes of lead per year 
and the renuining demand is met by 
imports. In 1972-73 ,ihe lead metal 
worth of about Ri. 60 crorei was 
imported. 


tapes are being imported resulting 
in drain of a few crores of rupees 
in foreign exchange. 

The ingredients like gamma-iron 
oxide, binders, resins and solvents 


are thoroughly mixed in a ball m 
to prepare smooth magnetic pair 
The magnetic paint so formulati 
is kept inside the coating chamb 
and continuously stirred. The rc 
base material such as m^r 
passed through the coating chio 
ber where a uniform coating of ma 
netic paint is applied to one side t 
the film. The coated film, still wc 
is passed through a magnetic fie: 
for alignment of magnetic particle 
The aligned and coaled film 
finally drawn throu^ the dryir 
chamber, where it is dried pric 
to rewinding on suitaMe fo 
meri. Finiibed roll is polished at 
is then ready for slitting. The sli 
ted magnetic tape is finally wouc 
on spools. 

Large quantities of tapes ha^ 
been produced on the experiment 
plant of the Laboratory. The lapi 
have been vigorously tested and Ihei 
conform to IS specifications. All tf 
raw materials are indigenously ava 
lable except gamma ferric oxide an 
polyester film. The equipment an 
machinery for the plant is indigi 
nously available or could be fabria 
ted in accordance with NPL deaigi 


Magnetic tapes for cassette 
tape-recorders 


JOOK REVIEWS {Contmyedfrempate 192) 


short xpan of seven years it has 
one through four editions. The 
itest edition has several changes 
ver the earlier editions both in con- 
:nts as well as in the format Apart 
*om new experiments, a section on 


SI units bas been added to familiarise 
the student with their usage. Ano¬ 
ther welcome change is in the print¬ 
ing. Unlike all the three previous 
editions which were brought out in 
a typescript form by offset the pre¬ 


sent edition has been printed b 
letter-press. This has improve 
the overall readability of the text. 

BiMAN BaS1 
IVFp Coliege Roa 
New Delhi-nOOO 
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ENCBGY UNDER THE OCEAIG 
by Don E. Kuh and othcta, 71r 
U/iivffsity of OkhJwna. 73069. USA. 
Pp. 400, I 4.50 

T his it a report of techoolocy 
utmment of oil and laa opera* 
liont on the U.S. outer contnemaf 
ihelf made by an inlerdiectplflyEry 
rttearch team under the tegu of Ibe 
Science A Public Policy Protramae 
at the Univenity of Oklahoaa. 

The USA if today the inoal «a- 
hautiiitf liter of enerfy. The 
for energy in 1985 ii estimated at 
23 niillioQ barrels of oil per day 
and 36 trillion c.ft. of gat per 
year. Together, these soorcea are 
eapecied Co utistV ebout 70 pea 
cent of the total demand. To aieec 
the growing dcftcit, the USA ia 
luniing its attention to tbe oaCer 
continental shelf (OCS) for oil at* 
ploration. The OCS repreaesla (he 
submerged lands extending from Che 
outer limit of the territoriai a to 
some undefined outer limit wfakh in 
the USA is the portion of tbe ihaif 
under federal Jurisdiction. Till 1971 
cumulative offshore prodoctioa in 
USA was 4.8 billion barrels of oil 
atkd 20.7 trillion c.ft. of gas. Hera 
in this volume the tuthiKt giva a 
critical assessment of the potoatU* 
ties and pitfalls of exploration m 
OCS tod the economics of the 
project. 

Systomatkally, the volaiDe dcnh 
with tbe background atudy. the aocial 
aspects and repercaisions. (he phsr* 
skal technologiei used in OCS dril- 
ling, and objacUves in ptennfog'fbr 
protecting and rattoring the c mis i DO- 
ment, which ha?c a signlficast bcar^ 


mg 00 gBMd adffliaiitratM. 

Tha tat should iatefeac the geo- 
phyaeht and pet r ol e am technologist 
ia kaowug the lakst methods of off* 
shore eapioratioo; the admiDistriton 
and po^makers in tearaing how 
aspects oa be haiaited and tbe 
aooaomica of the problem; and the 
cavil uameatalkts in itodyiog the 
maaner ia adiich foil protection and 
mfcgaards coo be mainuinad daring 
oil and |M explormtioA. 

S.K. Qhaswala 


ADVANCED INOtGANIC CHBMl- 
STVY by F.A. Cotton and 
O. Wilkinaon. IVilry Eojtem Fn tid.. 
Ml. South Exiension 1. New Delhi* 
49. Pp. 1136(1969). Rs. 22.50. 

r E low priced edition of this 
book is a w cko me addition to 
(he text-books of inor^nic chemistry. 
The premnUtioa of a factual sut^ 
mch as inorpnic chemistry has 
been lucidly d^ in the book. 

The book is divided into three 
parts. The first part consists of 
geiKnd theories td the eleotronic 
stmctuie of atom, the nature of iook 
sahaances and the nature of chemicnl 
bonds. A detailed discussion of the 
cheauitry of non*lraasilion elements 
and their compounds comprises the 
mcDod part. There is an elaborate 
dsscaasioBOOthe chemistry of carbon 
and sBicon which is usually meagre 
ia the contemporary inorganic text¬ 
books. The third part starts with an 
iatroductory survey on the transition 
dements. It indudes a discussion 
oa the ttof ooic structures of traasi* 
boa metal coinpiexea, Comdexes of 
v*aoceptor ligands, tod t^gaao- 
BKtalhc compoaods of transition 
The chemistry of iodtvidual 
of the fifvt, secoad and 
third traastioii mries b hi^ilighted. 
This pan abo iodudes two sepanie 
on the Unthaaidee and the 

a nh ii dm 

The book k partindariy good for 
thatfudyofoooedinatioo compounds. 


The discunion Of the chemistry of 
coordination compounds begins with 
a very general definition and this is 
followed by an casy-ioKJomprehend 
tad non-rigorous treatment of mole¬ 
cular orbital, valence bond and 
ligand field theories In addition, 
the merits and dements of these 
theories have been discussed. 

A oorreiaiion between atomic struc¬ 
ture and the diemistry of compounds 
bat also been sought wherever 
possible with the help of a variety of 
physKochemicni data. This is another 
interestini feature of the book. 

Only the (Hindples. not the details 
of metallurgy of individual elements, 
have been discussed. In the recent 
years, studies on bio-inorganic 
chemistry are pining considerable 
importance; however, this topic has 
not been included in the book. 

This is really a comprehensive text* 
book for B.Sc. (Hons) and even for 
M.Sc. syllabi of universities of India. 
The extensive and up-to-date hiblio- 
griphy is highly useful even for 
research Students. 

Alqk R. R\y 
Defiffriment of i^htmlsiry 
Vni^sity of Delhi 
Oe/hi-l 10007 


DfTRODUCTlON TO EXPERI¬ 
MENTAL NUCLEAR PHYSICS 
by R-M. Singru. H'iley Easicm Pri¬ 
vate Ltd.. New Delhi. 1974, Pp 
xii+162, Rs. 9.75 

N uclear physics, a branch 
dealing with the phy$ic» of the 
nucleus of an atom, has been grow¬ 
ing at a tremendous rate for the last 
forty years or so. and with its deve¬ 
lopment a larp number of books 
have been written on the subject. 
The book in question is a further 
gddrtion to the already existing long 
lilt of books on nuclear physics, but 
wHb the disrinction of being one of 
the few written by Indian authon. 

Most books treat the subject 
from the experimental u well as 
theoretical view points, and the ones 



K)OK REVIEW. 


^hich deal exclusively with the ea- 
erimental aspects are in the form 
if edited volumes written by specia- 
sts in the held. A reader* who 
Imply wishes to acquaint himself 
dth the various methods of experi* 
Kntal nuclear physics, usually 6nd$ 
Jmself lost in (he vast literature 
^hich is often too detailed. The 
resent book serves a food purpose 
y introducing most methods of ex* 
enmental nuclear physics in an easy 
nd summarised manner through 
'hich a beginner can acquire enough 
nowledge to appreciate the ad* 
anced texts on the subject. 

As a separate branch of physics, 
uclear physics is introduced in 
idian universities at the M.Sc. 
vel. Even at that level, not const- 
ering a few selected institutions 
'here advanced courses are avail* 
ble in some branches of physics, 
uclear physics is taught as a single 
nit. and not as (wo units (namely, 
xpcrimerual and theoretical), 
'hough the author claims to have 
written the book for post-graduate 
nd research students, it appears that 
lis book would be of use mainly to 
he research workers. 

The book is divided into ten 
hapters. U starts with an intro- 
uction to basic properties of nuclei 
nd with (he various modes of decay 
etween the nuclear energy states, 
iftcr summarising some features of 
ucleur reactions, (he book pas^s 
n to n discussion of nuclear radia* 
on detectors, then to a discussion 
f different spectrometers used in 
Ipha. hetn and gamma*ray studies, 
a the end. some special experimen* 
il techniques used in nuclear spec- 
roscopic work and some research 
elds where nuclear techniques form 
basis of investigation are outlined. 
>n the whole, the book lays more 
mphasis on measurements dealing 
rith radioactive decay processes, 
he book is written in a compact 
>rm in an easy*tO'underslaad Ian* 
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guage. At the cod of each chapter, 
a rtference list for further reodiag is 
provided. 

The book suffers from a few 
sbortcomings well. Some fields, 
e.g.. nuclear reactions, have not been 
dealt in detail. Panicle accelerators 
and polarized ion sources, which 
form the main loots of nuclear reac¬ 
tion work, have not been discussed. 
All this is surprising in view of the 
setting up of a variable energy cycio* 
tron at Calcutta and the use of a few 
Van-de*Graafr accelenton in some 
institutions in India. The methods of 
analysis used for extracting useful 
information from the experimental 
data rteeded a detailed discussion In 
a book of this type. Inclusion of 
exercises at the end of each chapter 
would have helped the readers in 
learning the subject with confidence. 
Even with such shortcomings, the 
book in its present form would be a 
valuable aid to beginners in ex¬ 
perimental nuclear physics. 

Naresh Kumar 
Physics Dtptt., Hindu CoZ/cjee 
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EXPERIMENTS IN GENERAL 
CHEMISTRY by C.N.R. Rao and 
U.C. Agarwala. Fourth Edition. 
Affiliated East-West PresSn 9. Niza* 
muddin East. New Delhi*l lOOOI. 
Pp. 2b4-fxii. Rs8.75. 

F or a long time cliemisiry 
teaching in Indian Universities, 
specially (he practicals. had been a 
rather tame and routine affair. The 
most a hni year undergraduate was 
asked to do was mixture analysis, 
volumetric titrations and a few gra* 
vimetric estimations. In most cases 
.the student simply carried out the 
instntetions without even fully under* 
standing the principles or the useful¬ 
ness of a partTcuiar experiment. And 

in 


(he fault lay not in the student, but 
the way the subject was taught. 

Rao and Agarwala's approach 
novel in that they have tried 
present, through a wide selection 
experiments, a laboratory course 
gerteral chemistry in a more in 
resting format. Special care } 
been taken to avoid unnecessary 
petition of similar experimen 
techniques. Several experimer 
deal with objects of daily inten 
such as estimation of the chlori 
content or hardness of tap wati 
analysis of solder, making of bit 
priniK or artificjal silk, preparation 
aspirin, and so on. Although ea 
of these has been included to demor 
trate a particular chemical princip 
the experiments themselves are de 
gned to stimulate interest in t 
student. 

The contents, which include 
experiments, cover a wide range 
topics: from simple calibration 
mercury thermometer and purific 
tion of compounds to experimer 
for the determination of the size ai 
weight of a molecule. There c 
a Iso experiments on thermochemist] 
electrochemistry, homogeneous a: 
heterogeneous equilibria, chemit 
kinetics, chromatography, and 
course, qualitative and quantitati 
analysis. For obvious reasons, or 
semimicro schemes in qualitati 
analysis are given. The expe 
menis in quantitative analysis i 
elude compkxometric and potenti 
metric titrations. Quite a f< 
organic and inorganic preparatio 
have been included to illustrate t 
basic processes. Apart from the pr 
cedural details, the principles mv< 
ved are also explained before en\ 
experiment. Five ^student projec 
given at the end can serve as a valu 
ble guide to help students in plaoni] 
and devising their own experimen' 

The popularity of the book a 
be judged from the fact that with 
(Contimted on page 19 
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AatitnuMptruto 

Sir. The author {S.R. November, 
^5) has repeatedly described phenyl- 
ercurk acid as an antltranspirant. 
It to my knowledge such an acid 
tts not exist. Perhaps hr has in mind 
leny[mercuric acetate and has sia* 
d that this acid damages the toiiage 
' blocking photosynthesis. I would 
:e to know if the author has gone 
rough the papers of D. Shimshi, 
ant PhysicK 38: 70d-72l (1968). 
A. Siegemhier and L. Packer. 
'ant Physht, 40: 785-791 (1965) 
id Physiol. PloMO, 17: 437-447 
966). Dr. Sadhu has suggested 
at Ihereare almost limitiess possible 
es of antitranspiranu in agrkul- 
re and has further stated that 
)t much work has been done in 
dia. Is he aware of the works 
ibtished in dot. Mag. (Tokyo), 81: 
,9-225 (1968), Bioehem. PhysioL 
Hanzen, 161: 532-536 (1970) and 
'ant PkyshU 50: 271-274 (1972) B 
>out the research done in India by 
me Indians? These researches 
kvc stressed whether antitranspi¬ 
nts increase drought avoidance 
drought tolerance of crop plants, 
leds further experimentation. S<Mne- 
nes growth retardants are used 
transpiration suppressants {Nature, 
'6:310-311. 1963; I^oef J. Agric. 
ts., 14: 153-158, 1964; Annu. Rgv. 
'ant rhysioi., 15: 271.302, 1964), 
iterc is no mention in the article of 
e growth retardants as possible 
ilitranspirants. A large number of 
ienlists have reported that trans¬ 


piration Can be suppressed by the 
uae of chemicals but they cannot be 
used in practical agriculture. Most 
of the work on antitranspiranta is of 
academic interest so far as stomatal 
control is conceriMd and 1 have 
my personal doubts about the au¬ 
thor's statement,**_we have before 

us a very exciting field of research 
to study the si^tificance of reduced 
transpiration in modern igriculiure.*' 

Mawaanian Kax 
Dtpti. of Botany 
Vtkol Vnmrsity 
BhuhaneTwar 

I regret the typographical mistake 
which appeared in ny article. 1 also 
thank Shri Kar for drawing our 
attention to it. There is another 
printing mistake. The readers 
should read phloem for phyloem 
in Fig. I. 1 have not said in my 
article that no work hu been done 
in India I have only stated that not 
much work has been done in this 
country, although there is a great 
scope. It has also been mentioned 
in my article that many spray 
materials including herbicides, 
fungicides, metabolic inhibitors and 
growth regulators can induce stoma¬ 
ta! closure and th*s may efiectively 
reduce transpirational water loss in 
plants. There was noi much scope 
in my article to discuss the effects of 
ill the chemicals which Have been 
used IS antitranspirants. The 
growth retardants, however, may well 
be included in the category of*growth 
regulators*, t have also indicated 
in my article that an ideal antitrans- 
pirant is yet to be developed. If 
such a substance is developed, it will 
definitely be of great use to agri¬ 
culturists. 

M.K. Sadhu 
Coiicgt of Agriculture 
{Jniytt^sy of Calcutta 
Calcutta 700019 

Ssaflovec 

Sir, SMflower, aa Meal oomtt ef 
oil {S.R. Nov., 197$) was informative 


but the following contradictory tuu 
ment is observed. 

LToder the heading '^Quality < 
sunfiowtroil**, the information give, 
is that sunflowei oil has a rich cor 
tent of linolek acid (68 per ceni 
which reduces the amount of cholei 
terol in the blood. But the last par 
says, **iunflower oil has an exceller 
shell life due to near or compfel 
absence of linoleic acid.** 

S.B. RjiPAi 
Tech. Supervise 
C.T.A.. Kirk 

The last para should read *'$unflc 
wer oil has an excellent shell-life du 
to near or complete absence o 
linoleic acid.** 

RAiiNDfR Sing; 

Soyabean Production Offict 
Soya Production d Rf 

Association. Bartilly (U P.) 3 

* 

Blood groups 

Sir, In the article Blood groups am 
diseases {S B. June, 1975). Dr. Bast 
has laid much emphasis on Rh 
blood group neglecting the import 
anceof A-B-0 groups in transfusion 

During incompatible transfusioi 
there occurs an agglutinogcn'agglu 
linin reaction. e.g.. cells havin] 
'agglutinogen A* will react wit! 
serum 'agglutinin ante-A* orec(a!pha 
leading to agglutination. The reac 
Cion takes place because serum agglu 
lining acts as antibodies and henc 
reuct with agglutinogen. Similarl 
cellb with ’agglutionogen B* wil 
react with anti-B or ^-agglutinim 
Therefore, in order to avoid aggluci 
nal ion. a person of type A aggluti no 
gen will be having 0-aggIuiinin am 
in the persons of type B agglu lino 
gen. ce-agglutinin will occur. Typ 
AB blood contains no aggluimii 
and type 0 blood contains botl 
agglutinins. 

Obviously, if the serum from > 
person of type A is mixed with ch 
oelU of a person of type B. aggluti 
nation will occur, while no suci 
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igglutination occurs if tdded lo 
ype O cells. However, it seems 
hat the isoagglutmins of the donor 
type A blo^) do not agglutinate 
he celts of the recipient because do- 
tor's Isoagglutinins are well diluted 
ty the time they have mixed with 
he recipient’s circulating blood. 

Since type 0 blood cells are not 
.gglutinat^ by any of the isoagglu- 
inins, this slype is called 'universal 
onora’ and conversely persons with 
ype AB blood arc called *univer- 
si acceptors'. The use of such 
rrms is, however deceptive because 
ertain people of type 0 blood pos- 
css a very high concentration of 
* or ^-i>»OHgglulinins and even after 
ransfuston, there may he a high 
mount of ec or d-isoagglutinins 
V react with the recipient’s cells, 
bis risk is avoided by a process 
iiJIcd ’cross matching* in which 
tmor's cells are treiiled with rcci- 
lent's plasma to see whether agglu* 
ni’tior) occurs or not; if it does, the 
ilution factor of plasma is taken 
110 account. 

Upl.KDEa K. Wam 
G ovr. Medical Co/ftgc 
Srinagar 

Fuel of the future 

Sir, In Hydrogen—the fuel of the 
jture by Dr. Sen Gupta and Dr. 
alit iS.R.s Ocf., 1975), there are 
VO unbalanced sequences: 
aBr, + 2H|0-^Ca (OH), + HBr 
It 750X), and 

Fc ,04 + 20, + 12 Ha-*^6FeCl, 
.6H,040, (at 150X-200"C). 

In fact, these sequences are— 
aBr, + H,0-^Ca (OH), + 2 HBr 
kt 730’Q, and 

Fe,0, + 30*+ 12Ha-^6FeO, 
•6H,0+ 0, (at 150"0200*C) 
t would like you to publish an 
rUcle on liquor ammonia. 

Vasumv Jadhav 
ye/tuf {Beigavm) 

Believe it or Mt 

Sir, Dr. Khan has stated (Bdkre 
or not, Jan.. 1976) that even 


though the earth U in motion around 
the lufi with a fantaatk speed of 
1 kkh km/hr, this high velocity U 
not noticed because human beings 
are sensitive only to acceleration and 
deceleraliofl. Now it is known that 
the orbital path of the earth is an 
ellipse with an eccentricity of 
.016726. This gives the ratio of 
maximum to minimum velocity as 
1.03402. So, the earth is accele¬ 
rating as well as decelerating. I 
would very much like to know why 
this acceleration and deceleraticn is 
not felt by us. 

The signilicance of the inset pic¬ 
ture is also not very clear. 

S.K. OuaTU 
Defence Sc~ Laboratory 
Metcalfe House 
De/bhimSf 

NoiKl^lidean geometry 

Sir, I read the article History of non- 
Euclidean geometry by Jyotirmoy 
Hui (S.R.. Nov. 1975); The arti¬ 
cle is very well-written and even a 
non-mathematician (whose know¬ 
ledge is limited to school geometry) 
cun gel an idea of the development 
of non-Euclidean geometry and can 
see how Euclid's “parallel posiuluie'* 
was mod/hed and how drficrcnl 
types of geometry were invented by 
ma t he mat icia ns. Th e i mpora t nee of 
“parallel postulate" and thedifhculiy 
of its replacenvenl by another poMu- 
Ule and the fundamental difference 
between Euclidean and non-Fiicti* 
dean geometry have been cleurly 
expressed by the writer. As an 
expository article, the langu.i^i: is 
very lucid and the history of 
development of geometry from the 
ancient time is quite interesting. 
It would be of great help to 
those who want to know how non- 

Euctidean geometry came into being. 

It would have been better if the 
writer had given some references. 

N.D. Chamapmtv 

Atsistant Professor of Mathematics 

Prestdancy Coitege 
Calcutta 


Beraoval of paMla 

Sir, Resulting from an accidei 
one of (he kneecaps or tl 
patdii of a man is completely dam 
ged (broken into pieces). The p 
tient requiree to be operated upc 
for removal of (he damaged patell 
Some are of the opinion that i) 
removal of patella will not impa 
the walking capacity of the ma: 
rather ii will help him run faste 
Does this belief has any Kientil 
basil? If (hat be so, why are It 
persons desirous of running fasti 
not advised to get their patei: 
removed surgically? 

JVOTiaMOY Hi 
P.O. Boinehetgrai 
Disf. Hooghly (IK.B 

Treatment facility for sickle 
cell anemia 

Sir. My thanks to Par(ha Praiir 
Majumdar for his letter {S.R.. Jan 
1976) on Mckle cell anemia statin 
lhai thisdisurdercan be treated. M 
Iwo and a half year old son is suffei 
ing from sickle cell anemia. I cor 
suited spccblists but they told m 
ih.ii there wus no specific medicbi 
for it. 1 shall he thankful if an 
reader informs me where I can ge 
my ailing son treated. 

S.K. Parganih 
^.No. I24S, Sector J 
R.A. Pvrat 
Hew Dell 

Cosmology 

Sir. Of late yna have been publish 
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K deUiled articb on tho Project 
hma And the Pr^jtct Cydops men* 
ioaed in Shh Salwi'i Article would 
« of mocb intertet to the resden. 
limilArly detailed articles on the 
ri^n of the solar system, man's 
banging vision of the universe, role 
f meteorites in giving a clue to 
^ eatrA^terrestrUI life, possibility 
nd problems of tltt intentellar 
ommunications, etc., would form 
ood sequel to tlte present series. 

Among the books on extra*terres- 
rial life, Walter Sullivan's We Are 
ht Atone (Penguin) is a very 
opular and interesting account of 
Ite subject. On cosmology in gene' 
st, Dr. fagjit Singh's Modern Cosmo* 
>gy (Pelican) is also a readable 
ook which even a layman without 
luch scientific background can grasp 
nd understand. 

S.B. SiNOH 

L./.C of indio. 

Bojaj Hood. 

Sikar {Hojosihan) 

Sea turtles 

With reference to Shrt P.O. Jacob's 
tformative article Tun of the 
irtles IS.H. Feb.. 1976), I'd like 
} make a few comments. A 
1 cm deep nest hole is dug with the 
;ma1e turtle's hind flippers. The 
gg$ hatch in about 60 days after lay- 
Tg. Since they generally hatch and 
nter the sea at nighl their main 
redators are not birds but crabs and 
shes, The Govt, of India closed the 
xporl of sea turtles in April 1975 
ince all are listed in the Red Data 
look of the International Union for 
onservation of Natural Resources 
5 rare and endangered. At least 
niil population studies are under- 
iken on "luxury protein" animals 
ke sea turtles and frogs, export to 
rotein rich countries should be 
anned. 


The ^ivd Ridleys idl turtle lays 
its eggs all along the East Coast 
(Dec.-Mar.) and some parts of the 
West Coast. The eggs have been 
over exploited almost everywhere 
and, benuse a number of breeding 
and nesting turtles are drowned 
incidentally in offshore trawling nets, 
this species is obviously djoiinishing. 

The author slates that in the year 
1967-63 "tortoise sheH" exports were 
60,34$ kg worth Rs. 16.770. That 
comes to 23 paise per kg. probably 
about one twentieth of the actual 
wholesale value I 

Wildlife farming may be one of the 
only atuwen to the survival of many 
species. Markulture Inc. is not 
breeding sea turtles, it is hatching 
wild collected eggs and rearing the 
young to slaughter size. In other 
words they are "mining" and not 
fanning, the wild life population 
continues to dwindle. We have 
maintained India's first set turtle 
hatchery (tor release) for the 
past three years and have released 
some 5.000 hatchlings. Inlerested 
readers arc invited to contact u$. 

Romulus Whiiakck 
thn. Direolor. Madros Snake Hark 
Trust A Conservation Centre Madras 
600022. 

1 think it is necessary to ctarify 
some of the points raised in 
Whitaker's letter 

1. The most important commercial 
turtle species in India is the green 
turtle, Chelortia mydas, and not 
Lepidochefys oliracta (Olive rid leys). 
Further, because of the disagreeable 
flavour of the meat Lepidochefys Is 
not very much relished. So, the 
species which 1 have given most 
importance in my article is Chelonia 
mydas and the descriptions art appli¬ 
cable to h. 

2. Regarding the closure of sea 


toitle export, 1 am not coaunenti 
anything. But kindly permit me 
quote the following line: "Therefo 
it could perhaps be estimated that t 
catch of 3,500 turtles could be h 
from the Palk Bay and the Gulf 
Mannar at a sustained levc 
(Dr. S. Jones, former Director 
Central Marine Fisheries Resear 
Institute). 

3. Sea turtles and frogs cann 
be equated. Sea turtle meat is n 
a "luxury protein". 

4. Value of k kg of 'Hortoise she) 
was about 26 paise during 19( 
During 1968 and 69, the values we 
about Rs 13 and Rs 20 per kg. 
October. 1975 it was Rs 185.60 k 
These figures show that the value 
not constant. For further clari 
cations kindly go through referenc 
2, 3 and 4. 

5. 1 have not stated in my arcic 
that Mariculture Inc. is breeding u 
t urtles. They, of c ou rse, col leci eg] 
from nature and rear the young 
slaughter size. Further, they retui 
a portion of the young ones hatch( 
from the collected eggs to tlic sea ' 
conserve the species. Therefore, 
is not correct to slate that they a 
mining the turtle resources. It 
more correct to say that tin 
are trying to domesticate the a 
turtles. 

PG. Jaci 

Nationat institute of Oceanogrqpi 

Co 

Welcome additiou 

Sir, Believe It or not is an excellei 
addition and is helpful to (he younj 
Cartoons also provide good inlelle* 
tual humour. Many thanks for thet 
new additions. 

Dharam Pal Sino 
Meerut Colley 
Meerut {UP 
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The mooa 

Full moon occurs on 14th at 
OS a.m. and new moon on 29th 
l 7-17 a.iTi., I.S.T. The moon 
asses about four a^id half degnes 
outh of Mercury on Ut, seven deg' 
ees south of Man in the evening of 
fh, five and a half degrees south of 
laturn on 6thi and about a degree 
lOrih of Jupiter on 27th. The lunar 
rescens becomes first visible after 


the new moon da/ in the evening of 
30ih. 

The moon is at perigee or nearest 
to the earth on 12th and at apogee 
or farthest froin it on 25th 

LMar adipae 

There will be a partial eclipse of 
the moon in the early hours of I4th. 
It will be vittbleio In^. The eclipse 
would begin at 0-46 a.n and end at 


2^5 a.m. I.S.T. 

An occuluiion of the star St^ 
(CA/tre) by the moon will occur in 
the early hours of 12th. It will be 
visible at Bombay from 3*05 lo 
3.37 a.m. and at Madras from 3*1! 
to 3-50 a m. I.S.T. 

The planets 

4/ereurv (BudhaI. an evening star, 
sets about an hour after sunset during 
the first half of the month- There* 
after, it is too near the sun to he 
visible. It will be in inferior con* 
iunction on 20th. It becomes re< 
trograde on the 9ih. It is in Tauru* 
(Fn.tAti). Its visual magniliide 
varies from -h0,9 lo4-2, 

iSukra). a ntorning i«tar 
rises about half an hour before sun¬ 
rise durmg the first ha If of the month 
Thereafter, it is too near the sun t< 
be visible It passes about quarie 
of a degree south of iu pi ter on I llh 
It moves from Aries (Mvsha) tc 
Taurus < I'm Ac/). Its visual mugni 
lude fs about >-3 4, 

Mars (Mangaial, visible m Lh< 
evening sky, sets about an hou 
before local midnight during thi 
month. Il passes aK>ut live degree: 
M'lUlh of the slur Pollux (Punarvasfu 
on .^th and about one degree noril 
of Sal urn on 12th. It moves fron 
Ciemini \ Mithuna) to Cancer (AVar 
kata). Its visual magnitude i 
about+1 6. 

jMpifer fBrishaspati) Is too nca 
ihe sun to he visible during the firs 
half of the month. Thereafter, i 
reappears in the morning sky am 
rises about an hour before sunrise 
It is in Aries (Mt'xha). Its visua 
magnitude is about -1,6. 

Sa/unt (Sani), visible in the even 
ing sky, sets about an hour befori 
local midnight during the first hal 
of the month and about two hour 
before il during the second half. 1 
is hi Cancer {Karkata). Its visua 
magnitude is about +0.4. 

(Source.* Nautical Almanac Uni 
of the Meteorological Office. AIrpoit 

Calcutta*700027). 
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Mioy models have been suggested to iiicofportte certaio 
minimcim oumber of particles states oof of which others coM 
be easily cousCnicted. The most successful of the composite 
paitkk pktms is the 'Qinrk Model* 


T HC probkm of undenundini 
ihc iVMCiw of matter has 
engaged Che atteituoa of KicnIisU 
dl over Che worid for levcral ceatur- 
fis. In the old days, matter was 
bought to be composed ^divisible 
jnits called **atoms*'. The pkmeenng 
irork of JJ. Tltomsoa and Lord 
(tutherford at the begmning of this 
«ntury revealed that the atoms 
hemselves were composites of still 
laailer saits. The atom coasiiU 
>f a heavy positively charged 
UKkus with ckctrons revolvini 
iround it in closed orbits. The nu> 
ieus itself consists of smalkr entities. 
i 2 .» protoas aod netiuons. Uotsl a 
Iccade ago, the protons, neutroas 
md electmu were r^irded as 
elementaiy particles' in the sease 
hat they cocski not be succeadiiUy 
ieacribcd as composites. Duriag the 
mA few yean, a large aomber of 
fementary particles have beea ^ 
ove i td by various eaperiraeala. la 
arty 1960, the aamber of ekmeatary 
articles kaowa was about thirty. 
it pf r.Mt , (here are as luaiqr as 
)ur huodjtd of such parttclea with 


aa equal aumber of antiparticles. 

A number of attempts have been 
made to sludy the properties o( the 
elenkCDtary particles ia a c<^ierenl 
maaner. One importiat aspect of the 
modern view of the particles is a 
clear distiAetioa amoag different 
types o( inleractioas that govern 
their behaviour. These iateraciions 
are classified as: (i) strong (ii) elec- 
tromsgiKtic (iii) weak aad (iv) gravi- 
(atiooil in descending order of 
strength. The strong iateraciions re- 
preaeat the forces that bind together 
the particks in the nucleus. The 
variety of etemenlary particle slates 
determiiKd by this intefuction are 
coUectively referred to as *hadroasV 
The hadrons are further divided into 
two eategories: 'baryoos* which in¬ 
clude aucleook-type particles (via., 
protoas, neutrons, etc.) and 'mesons* 


which act as transmitters of strong 
interactions. The (raosmlliers of 
eleclfomagnetic interactions are the 
weU-known light quanta, viz., 
photons. The decay of all these 
elenwnlary particle statea, which are 
energetically incapable of strong 
hadron emission or else and 
forbidden by strong and electromag¬ 
netic interaction from decaying 
into lower hadronic states, are 
chancterued by weak interactions. 
The graviiaiional Ibice, weakest in 
strength, detennines the behaviour of 
matter in bulk. 

lni|Hta of (he apparent distinctioo 
among the various iateractions men- 
tioned above, it is an iosurtnouat- 
$bk task to fit the iafomuUioa avaih 
aMe on the properties of ekmantary 
partidet in any theory adequately. 
One usually tries to achieve some 
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MCtii by taking recourse to theoreii- 
al models of elementary particles, 
dost of these models incorporate 
ertain minimum number of particle 
tales out of which others can be 
Asily constructed. Though these 
>uiidjr>g blocks of all elementary 
)artides resemble the observed parti- 
les in some respects, are they usually 
ictitious mathematical enuiies 
lesigned to represeni the results of a 
tot well understood theory. 

One of the earliest suggestions to 
:onstTuct composite models of 
itrongly interacting particles was to 
:onsider mesons to be a bound state 
Df 1 nudecn and an antinudeon. A 
later suggestion described all mesons 
as deeply bound slates of the triplet; 
proton, neutron and lambda particles 
and (heir corresponding antipartides. 
InspIte of some early successes, 
these models made some wrong 
predictions and had to be discarded. 

The most successful of the compo¬ 
site panicle pictures is the ''Quark 
Model** proposed independently by 
M. Ciell-Mann (U.5.A.) and G. 
Zweig (Switzerland) in 1964. Accord* 


ifig to this model, all strongly inter¬ 
acting particles, hadrons, are built 
from a triplet of heavy objects called 
quarks, and their corresponding anti¬ 
particles—a triplet of antiquarks. 
These three particles art denoted by 
the symbols u, d and t. and their 
corresponding antipartides by s. d. 
and s. respectively. These particles 
have fraetlonal charges (a concept 
introduced for the first time) in terms 
of the charge of an electron; (heir 
charges being 2/3. -1/3. - 1/3 of an 
electroncharge respectively. Although 
expcrimeniaJIy. no fraciionally 
charged particles have been detected 
so far. there is no compdling theoreti¬ 
cal reason to exclude the existence of 
fractionally charged particles. The 
spin quantum number of these 
particles is one-half, while masses 
are predicted to be quite large—at 
least a magnitude higher than the 
nucleon mass. The structure cf 
different strongly interacting particles 
on the basis of quark model 
is presented in Table I. Jn addiiion. 
the quarks are assigned other quan¬ 
tum numbers (some of them frac¬ 
tional) which are necessary for an 
understanding of the strong inter¬ 
actions. 

In (he model, the mesons are 
considered to be bound states of a 
quark-antiquark pair (qq). The at¬ 
tractive force between q and q could 
arise, for instance, from the exchange 
of vector mesons (called gluons) 
The mesons can also be constructed 
from more than one (qq) pair, that 


is._out of systems of the type {qq 
(qq). and so on. But there is. in faci 
no need for such rather involve 
systems, as all the well establixhei 
mesonic reuvnanccs can be easil 
accommodated in the known repre 
sentations of the symmetry grou 
underlying these panicle^. It needs i 
be stressed here that nothing excep 
the simplicily is against these m.^n 
quark configurations. Table 2 give 
the quark contents of some of th 
mesons along with the masse 
(expressed in energy unils) and othe 
quantum numbers. 

The baryon states, on the othe 
hand, are supposed U) be three-quar 
bound slates (qqq) having toll 
angular momentum L. The preset 
(qqq) configuration fits in with all th 
known resonances but cannot acce 
mmodate those with positive strangt 
ness (strangeness being a not he 
quantum number which is conserve 
in strong and electromagnetic intei 
actions) in which case more comple 
configurations such as qqqqq, etc 
are needed. The quark contents c 
some of I he low lying baryon suti 
are given In Table 3, in adJitio 
to some of the other importer 
quantum numbers. 

The quark model requires it 
hadrons to contain heavy object 
the masses of the constituents being < 
an order of magnitude higher tha 
the masses of the hadrons ihemselve 
The constituents then have very hig 
binding energies, which remove we 


Table 1. Prlacipii quotura numbers of quark triplet 
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3- Quarkf for Mr. Mar 

/^UARK? Uo't it • 6Mrn 


(Tlw nvmton In ptnollmb tn (he mMica of p«rtide» m MeV) 


>ver 9S% of th«ir rest mass. In 
principle, there does not seem to be 
my objection lo the existence of such 
teavy objects. In citsstca) relativistic 
Eiechanics, in fact, models exist which 
lave solutions with slow motion and 
trong binding. 

The quark model has been used to 
iescribe a large variely of pheno* 
nena in hadron physics. However, 
he quark themselves have not been 
observed expenmentally and there is 



H'e have iwtg known that any matter 
it ween ta has nothing ultimate in it. 
row amazing that scien/is/s too harr 
md that there is ultimate in matter'' 


no satisfactory explanation for their 
failure to be observed. Many expla* 
nations have been given; the most 
popular being that tbdr mass is too 
high to be within the range of all 
experiments performed to date. 
Analysis of the slow motion strong 
tiding limit nentioned above 
shows that the observed properties 
of the bound states are completely 
indepeodeot of the mass the free 
quarks. They depend only on an 
"effective maas** parameter for a 
bound quark which depends upon the 
potential as well u tbe free quark 
mass. It is, therefore, impossible to 
estimate the mass of the free quark 
on tbe basis of any experiment per¬ 
formed with quarks bound in had¬ 
rons. 

If quarks exist, they explain the 
regularities in the observed quantum 
numbers of the hadron spectrum but 
they as wdl pose a new problem: 
quarks have one-third iDlegra] 
electron charge. The electron is not a 
hadron However, the suggestion that 


Q uark? uo t it a unrn 
word? Howe^r. the partic 
Which has been named so. Is i 
lees strange—it is a particle who 
chaffs is in fractions, and w 
in ahole numbers as in oth 
particles. 

Every word has a history bebifl 
iU somebody said, and Quark 
no exception. The word fir 
appeared in the famous scholarl 
piece Finnegan’s Woke in tH 
sentence: Quarks for M 

Mark'*. The piece is from 
enigmatic pen of James Joyt 
(l8S2-mi). the Insh write 
famous for his incomprehensib 
and scholarly writings. The stor; 
set agatast the background c 
Irish surroundings, is of a famil 
that Joyce dreamt. In it there 
one character, Mr. Mark, who tu 
the habil of moving with thrc 
people on any ocassion and an 
where. Knowing this behaviour < 
the character, physicists adopte 
the word Quark—because Quarh 
are always present together an 
are three in number, no Its 
no more. 

The word *Quark\ otherwi&t 
is not sheer gibberish invente 
by Joyce, but certainly has 
strange connotation. In Germar 
it is a kind of cheese of whicl 
a legend says, moon is mad( 
How the word inched its way int 
physics, to become a word c 
great significance to science, i 
indeed fascingting. 

One thing is certain: the physi 
cist who brought in this word i 
scientific .vocabulary must be 
devotee of Joyce's writings. Joyc 
bad said, that to understand 
Finnegan’s Wake a redder ha 
to spend his life-time, let us hop 
it does not *hold true fo 
physicists also who are try in; 
to isolate the Quark. 

D.M.S 
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he boik unit of chirge u 1/3, raises 
he question ms to why the electronic 
harge is three times the basic unit. 
Kny attempt to give a structure to 
he dectroD encounters the difficulty 
>r explaining (he precise agreement 
Ktween the cKperimenial value of the 
electron magnetic moment and the 
predictions of well founded quantum 
electrodynamics. These predictions 
ire based on the assumption that 
the electron is an elememary object 
ialisfying Dirac equal ion» which 
would not hold (rue for a composite 
sleclron. 

In addition to the above GelU 
Mann-Zweig quark model, other 
models with adddonal quarks have 
been proposed, primarily for theoreti¬ 
cal reasons. These models predict 
some additional properties of had¬ 
rons which have not yet been ob¬ 
served. The additional quarks intro¬ 
duced are of two types; they have 
been called 'charmed' quarks and 
'coloured* quarks. The charmed 
quarks axe simply added to the Gel)- 
Mann-Zweig quarks as the building 


blocks to make a total of n quarks, 
where n is a number introduced to 
match the predictions with eiperi- 
menu. The number of charmed 
quarks defines a new conserved 
quantity, like charge, the angular 
momentum (called 'charm'). The 
charmed quarks are assumed to have 
a mass sufficienlly higher than the 
masses of the conventional triplet. 

Coloured quarks, on the other 
hand, are sets of n triplets giving a 
total of 3n quarks. The degree of 
freedom which distinguishes bet¬ 
ween different triplets has been given 
the name of 'colour'. One popular 
model has red, blue and white 
quark triplets. The coloured excited 
states are also sometimes called 
charmed states, but there is a definite 
physical difference between these two 
types of non-observed suies. The 
charmed slates contain charmed 
quarks which arc diflerent from those 
in the observed hadron states The 
coloured states contain exactly the 
same coloured quarks as the observed 
hadrons, they differ only in the sense 


that tiiey have a different permott 
tion symmetry in the space of colour 
Inspiie of the remarkable succci 
of the quark model (almost for 
decade) in predicting the outcome ( 
many particle iuleractions, exper 
mcnis have been reported in whic 
the observations are at variance wii 
the predictions of the quark mode 
In one such experiment conducted ^ 
the Stanford Linear Acceleran 
Centre (USA), it was found (hat whi 
high-energy electrons collide wii 
high energy positrons, an unaccoun 
sd>l> large number of hadrons ai 
produced. The ratio of hadrons i 
mesons, created in these experiment 
is observed to be much higher ihs 
the corresponding value (2/3) obuii 
ed within the framework of quai 
model. Experimenially, the ratio 
also found lo be energy-dependen 
again in contradiction with the quai 
model which predicts the ratio to I 
independent of energy. 

Several atlempts have been mai 
to explain this variance betwei 
theory and experiment on the basis 
^coloured' and 'charmed' quark the 
rics. So, whereas the quark mod 
has a large number of successes 
its credit, it has some internal inco 
sistencies. as well as a few failur 
loo. The search for quarks is s( 
on and if the quarks are found, t' 
discovery will be exlremcly importa 
in (he understanding of the structu 
of the 'elementary particles*. 

Further reading 

1. Cell Mann, M. Physics Ulitrs. 
214(1964). 

2. Zweig, G. CERN Preprint T 
412 (1964). 

3. .loyce James FinnEgan's Wot 
Viking Press, New York, 19: 

4. Feynman, R.P., Procecedit 
of (h: fifth Hawaii Topi 
Cot^crtncc on Particle Physi 
University Press of Hawt 
Honolulu. 1974. 

5. ICokkedee, J.J.J.. The Qm 
model (1969), W.A. Ber\jan 
Inc,. New York. 




APRIL 1974 


SCIENCE REPORl 


INTEGRATED 



B.R. MALHOTRA 


r HR invention of tntniistor 
brought about a revolutionary 
hange in the field of communication 
nd information proccaaes. Integ* 
ited circuits core priaiog of hondreds 
r transistors set together and other 
liniature solid state devices have 
een designed. Like integrated 
ircuiis in electronics, effoits are now 
nderway to develop integrated ctr- 
uits in optics. Integrated optics is 
far-reaching endeavour to employ 
ie him technology to optical circuits 
nd devices so as to achieve a better 
nd more comprehensive optical 
astern. Integrated circuits are laid on 
tin films which act as miniature 
^nscs, lasen, light modulators, 
risms, etc. By virtue high fre* 
uency of light waves, the amount 
f information carried by a light 
gnal will be much greater. Bcaidea, 
pi leal circuits would be much faster 
ian electronic circuits. 

Iterate d circalts 

With the discovery of laser, which 
ivei out coherent light, fabrication 
f such circuits heramn a pom- 


Development of integrated optics is an attempt to employ 
film ledifiology in optical circuits and devices. Hiis will have 
farnreadiiiig impact on the advancemeat of commimication, 
infomiatioii processing and control systems 


be provided on the sanw bench. Bui 
for such a mauive assembly huge 
space is required and such a system 
cannot be adopted for daily use. 
The whole arrangenunt is to be 
compressed to the size of a coin if the 
system is to be made suitable for 
extensive use. 

Though (he concept of integrated 
circuits was known much earlier, 
the actual research effons started 
only in 1960i by various workers in 
Bell Laboratories, California Insti¬ 
tute of Technology; International 
Biisiness Machine. Corp. etc. Fiist, 
the successful developmetu of fibre 
^ass. which can conduct light with 
negligible loss, was a vital landmark. 
Fibre ^ass consitts of very fine glass 
fibres, usually one thousarwlth of a 
ccntiiDetre In diameter, but possesses 
a high tensile strength. Second factor 


nique of marking and etching com 
plex circuits on surfaces by electroi 
beam has progiessed so much so tha 
it is now possible to compress cifcui 
to a thousandth part of a centimeter 
Fourth, the circumsianccs which gavi 
a compulsive drive to Ihedevelopmen 
of miniature clieuils were in ttv 
demand of modem science and lech 
nology. 

Jn the early stage of the develop 
meni of inlegreled optical circuit: 
various difficulties were faced with 
The difficulties related to the materia 
to be used for thin films and theii 
fabrication, propagation of Ugh' 
through thin films, etc. Theproblen; 
relating to putting the beam anc 
uking it out when desired was Um 
most formidable one. Since mosi 
of ^ films used earlier had extienid) 
smalt thickness of the order <M 


ility. Coherent 1/ght from the 
iser can also be modulated or mani- 
ulated for practical purpomr. To 
thieve this, bulky optical parts such 
% prisms, lenses with poUsbed 
drfaces are required to be mounted 
Q an optical bench. Oailaaencaa 
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happens to be the availability of 

cheap, dureWe solid state light 
sources, like laser, which can emit 
izrtenae, coherent light waves. These 
two developtnents largely paved the 
way for emergence of optical commu- 
nicatioa system. Third, the tech¬ 


10^ m, it was difficult to focuj 
the laser beam on the edge of the film. 
Soon it was discovered that the lighi 
wave could be made to enter the film 
if a priun is coupled to it oear the 
edge. A similar prisai coupler ii 
used to extract the beam from Um 
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THIN FILM 


=substrate 


ilm. The developmeni of miegnted 
)plical circuiu was much hashed by 
he invention of prism coupler and 
trarini coupler. These are optical 
levices to deflect a light wave lo a 
cnown path and disperse it into 
constituent wavelengths. This was 
bllowed by the development of a 
105L of Ihin him devices which inclu- 
Jed thin flim lenses, mirrors and 
polarizers. Polarizers are used lo 
imit the transverse vibrations of a 
ighi wave to one plane. The other 
>et corresponded to thin film Users 
ind light switches. The efforts lo make 
I workable and lasting optical circuit 
Uarted only recently. 

The principle underlying the propa* 
gallon of light in a Ihin flim is quite 
instructive. 1 he thin film which has 
generally one micron thickness is 
supported on a thicker substrate of 
glass. The function of thin him is lo 
act as a waveguide which becomes 
possible only if its refractive in* 
dex is higher than the surrounding 
medium. A combination such 
optical devices on a common 
base> and intcr'connected with one 
another, constitutes an optfcat integ* 
rated circuit. A light wave on 

entering the thin fllm gels totally 
reflected internally, both at the upper 
and lower surfaces as «hown in Pi^. 1 . 
This happens for two reasons: 

(t) refractive index of thin fllm u 
more thanihat of iheair because thin 
film is a medium denser than air. 
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(ii) angle of incidence, i.e.. angle 
between the ray of light and the 
normal is more than a critical value. 
As a consequerKe of these boursces 
the light wave follows a zig*zag path. 
This concept of zig*zag path is vital 
in understanding the behaviour of 
light wave in a thin him and also the 
mechanism as to how light wave 
carries a lot of information. A zig¬ 
zag wave is identihed by the angle 
between two tracks of its path. 
Light waves with diflereni zig-zag 
paths are independent of each other. 
The number of waveguides travers¬ 
ing a thin him depends upon the wave 
length of la»er light, the material of 
the him and its refractive index, 
thickness and nature of the substrate. 
Since each wave serves as a carrier 
of one chanrtel of information, a thin 
him can serve as a wave guide for 
many channels in a communication 
system. To have a channel of one's 
choice, laser beam must enter the 
prism cou(Mer at a particular angle. 
Hy controlluig the angle of incidence 
of the entering beam, it is possible lo 
excite wave guide of any mode. 

Loss of light 

In integrated optics, loss of light 
by scattering pose^ the mnsi per¬ 
plexing problem lo the researchers. 
A light wave experiences reflections 
about 1000 limes on him of one 
micron thickness while traversing a 
distance of one ceniijnetef. In case 
the thin him surface is not perfectly 


smooth, a fraction of light would b 
sceilertd. Even with an insignihean 
amount of scaiiering, the light wav 
will not propagate much. Toachiev 
an appreciable traverse of light wave 
experimenu have shown that loss o 
each reflection must be one part i 
10,000 whtch happens lo be on 
tenth cf the loss m good qualit 
mirrors Another serious probler 
relates to tiny irregularities an 
deformities on the surface. How t 
perfect the technique of making Ihi 
Aims free from minute pin-holes an 
other faults of surface unevennet 
remains the major concern of th 
investigators. Another point of viu 
consideration is that the velocity < 
light waves is higher in thinner fllir 
than in thicker films. So, when 
thin him is to be joined to a thic 
him. lens or a prism it should k 
tapered and then connected. 

A successful iniergated optical sy: 
tern involves many technical intricat 
Its. One of these relates to the com 
truction of thin prisms and tenses 
A prismeanbe made by depositing 
uniform him material on the substrat 
and then joining another layc 
through a mask with a triangular opt 

ning. As the prism is thicker than thi 

him. light waves travel slower and g< 
refracted on entering it. So prisms an 
lenses can be built in the same waj 
Another point worth notice isths 
the light wave can be reflected nc 
only on the lop or bottom surface 
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o( A thia film but &tso iu the mkldle. 
Fhe fabricatioD of a thin film mirror 
puzzled the research workers in the 
beginnmg because any metaJlic mirror 
H^ould absorb more than it would 
reflect. This was accomplished by 
aching a grating with a beam of ions. 
Fhe thin film minor is made by 
etching a grating on the substrate and 
.hen covering both'the substrate and 
grating with a thin film. A grating of 
).lmm width with 500 greaves can 
reflect all the light incident on it. 
Zonsidering such thin fllm mirrors 
>laced at two ends of a thin film 
vave guide, a light wave impinging 
>n one mirror will be reflected back 
o the other mirror where it will 
experience reflo. tion hack to the first 
me. By virtue of repeated reflections 
he light is trapped betsveen these two 
nirrors which behave as an optical 
avity. If the film is made of some 
aser material :o amplify light, the 
jghi wave would be intensely built 
)p and the cavity would serve as 
I source of continuous, sustained 
adiation like a laser. 

daterials for lasen 

Thin fllm lasers made from poly- 
irethane fllm with dye cannot be 
ised in integrated circuits as it has 
>cen found that dye bleaches out 
fier a short interval. So thin fllm 
asers emitting infra-red radiations 
.re best suited as glass flbres used for 
ransmitting laser radiations and lose 
ninimum light by scattering or by 
.bsorplion. Such a laser can be 
nade from neodymium which gene- 
ates light of 1 micron wave length. 
Snother advantage associated with 
he use of neodymium laser is that it 
an be pumped by light emitting 
olid stale diode, so the whole arran- 
;ement can be a solid stale assembly. 
Another aUemative snurce giving out 

nxissions at 0.85 micron is an injec- 
ion laser made up of alumimum, 
lalliutn and arsenk. This device has 
he advantage in a way that it con- 
erts electric energy directly into 
adiation The need for a separate 



yif. 2. MigiiWi tifihal ■trii ch to toiaus# slgnaj oa tW User bom 


light source li thus dispensed with. 
But (he gallium arsenic User suffers 
from the limitation of having a high 
refractive index as compared to that 
of materUls used for other thin fllm 
paru. The second limitation asso¬ 
ciated with injection laser is that 
grating struciurt cannot be fabricated 
in it. Hiis short-coming is obviated 
by making possible the use of a thin 
fllm comer reflector. Such a corner 
reflector is toiinly a thin film right 
angle prism, the light wave enters 
through its hypotenuse and emerges 
from the same face after being reflec¬ 
ted at two right angle faces. For a 
successful integrated optkal circuit, 
another important component called 
the modulator is being developed. 
Before the laser light carries infor¬ 
mation over to a communication 
system, h has to be modulated 
through a thin fllm switch. Among 
the numerous modulators available 
(he one magneto-optical switch Is 
thought to be quite suitable. This 
moduUtor can work with a frequency 
of 3 X10* times per second and this 
happens to be three limes faster than 
(he latest transistorized communi¬ 
cation coaxUl cable in use at the 
moment The switch (Fig. 2) com¬ 
prises of a film of magneik iron- 
gamei on a substrate of garnet. 
There is an infrared output of a hdi- 
um-neon laser, coupled into the film, 
and a closely contacted looped 
electric circuit. In this magneik 


film, there exists a large number oi 
unpaired electron spins. On apply 
ing a magnetic field, these unpairet 
electrons align themselves along thi 
magnetic field and the film is magne 
tised. The magnetic moment, botl 
in magnitude and direction, can b( 
represented by a magnet it itiou vec 
tor. The magnetization potemia 
can be in the plane of the film but a 
right angle to the direction of propa 
gallon of light wave, in the absence 
of any externally applied field. Oi 
passing current to the electric circuit 
a magnetic field is produced whic( 
rotates the magnetization vector ir 
the direction of propagation of lighi 
wave. So the magnetic vector lie! 



"Optics arc a great help in the cam- 
munfeatian of 4eUcate motions foo*’ 
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MODULATOR 



sit her parallel to the direciion of 
ight wave or perpendicular, depend* 
ng oa when electric switch is on or 
The eftect of different directions 
)f magnetization vector is that light 
vave is polarized first in one direction 
ind then in perpendicular dirrction. 
In an actual integrated optical 
circuit, the light wave modulated by 
he electric switch could travel to a 
hin him polarizer, made simply of 
i thin strip deposited on thin him 
ivave guide. The light wave would 
either be transmitted or absorbed 
lepending on the direction of polari- 
cation of the light wave. This can 
be put oh and on as per the operation 
)f electric circuit. 

rypes of thin Ain 

There aie two types of thin him 
which possess diCerent properties. 
They are made by two separate lech' 
niques, one type is used for forming 
active devices like lasers and modula* 
tors, while the other type is suited 
fox passive devices Like prisms and 
lenses. The one used for active 
devices is a single crystal him consist¬ 
ing of regular array of atoms. It is 
made by taking a substrate having a 
certain lattice structure and immers¬ 
ing it io a coDtaiixer with a solution 
of the film matenai- The him grows 
layer by layer of atoms in a lattice 
structure matching with atom lattice 
of the substrate. The material of 
the film may be same or difierent 


from that of the substrate. The 
second type used for passive devices 
is amorphous in character and has no 
crystal lattice sinjclure. This can be 
deposited either by evaporation 
method or by sputtering. In the first 
method, the film material is heated 
and the vapours are made to con¬ 
dense on a cooler substrate to make a 
thin film. Also, this type of him can 
be made by sputtering the material 
onto a substiate in a vacuum cham¬ 
ber. By acrelerating ions and elec¬ 
trons to high velocity and making 
them impinge on the film materials, 
they knock atoms out of it. The 
atoms settle there and build up a 
thin layer of film material on the 
substrate. Complete integrated 
circuit, as depicted in Fig. 3, can be 
made by making iodividual units 
sepatately and then connecting them. 
To have a conducting connection, the 
two film devices of difTerent thick¬ 
nesses and refractive indices are first 
tapered and then a third film is dep¬ 
osited between them. Thin film is in 
direct comact with these two devices 
and the substrate, and its two ends 
are tapered to provide a smooth path 
for the light travelling from one 
devke to another. 

Development of ini^rated optical 
circuits is still in the experimental 
stage and their use on a commercial 
level depends much on the availability 
of materials to make thin films. 
Modulators and Users are to be made 


from single crystal films and th< 
material used for the film should b< 
difiereni from that of ihe suhairate 
To grow such a film with two solk 
phases, the material of the filn 
should match closely with that of lhi 
substrate, otherwise polishing woult 
be necessary to make the filn 
smooth^ As a sequel to the reseafcI 
work done in this direciion, tw« 
unique systems of mate rials have beei 
found suitable for thin films. One t 
aluminium-gallium-arsenic sy.Niem 
Ihe lattice structure of aluminiun 
arsenide is in tunc with gaihun 
arsenide at a temperature of 900 C 
The other system consists of gai nct<' 
the lattice of which can be changed h 
adding different ions of rare earl! 
elements. It is possible to choos 
one garnet for the subslrate an 
another matching for Ihe filir 
Studies have shown I hat garnet film 
are the best available at the moment. 

Till the technique of making moru; 
lithic integrated optical circuits 
perfected, circuits comprising devict 
of difiereni materials would alone k 
available. Though much rcscarc 
effort has been invested in dcvclopln 
integrated optical circuits, the 
actual utilizalioD in practice has yi 
to come. This development may I 
the next major landmark in t) 
fields of physics, material science ar 
electronics 

{CtwiirfUffi on page 21 
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Change in entropy ^ys a 
Tttal role in deddlng what way 
a chemkal reactioo will go 
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CHEMICAL 


REACTIONS- 


the spirit of Chandcal Scieiice 


W HAT Are chemical reaciions? 

Many chemical reactions have 
occurred in your brain in the short 
time you asked this question. 
It is impossible to estimate the 
number of chemical reactions that 
Lake place in the world in Ihe course 
>f a second. The great divenily 
sf chemical compounds, which 
play vital roles in our day-to-day 
ife and without which there would 
bave been no life, owes its eustance 
o processes called chemical reactions. 
Every act and feeling of us is backed 
by millions of cheoiical reactionSt 
t/hich, of course, we are not able to 
Kt. However, there are as many 
'eactions taking place before our 
^yes. 

You strike a match, and a stick of 
wood bursts into flame and turns 
nto charcoal. This is a chemical 
taction. Similarly, as you look 
It a green leaf, you can be sure that 
t is nuking sugar molecules by 
photosynthesis and stores them in the 
eaves until you cook them and eat 
>r some animal eats them aikd you. 
D Cum, eat the animal. We write 
he reaction in this manner. 

; COt -h 6 HO« Sunlight 

rom from ——► 

air ground Chlorophyll 


CgHjiO, -h 6 CO, 

Sugar goes into air 

The energy used by your body when 
you move your eye across this page 
and think about it is released within 
your body, by oaidiaiion sugar of 
in the respiration reaction. 

C,HuO, + CO, -- 

Sugar from Oaygen is 
food inhaled 

6 CO, + 6 H,0 + Energy 

,1 „ mJ 

w 

go out 

So. our body needs fuel <food) 
to function as an automobile engine 
needs fuel to move. A mixture of 
gasoline (which contains compounds 
of carbon and hydrogen) and air 
explodes in the cylinders of an auto¬ 
mobile. releasing energy that moves 
the automobile according to the 
reactioo: 

CasoliiK + Oxygen CO, -f Steam 

*4- Energy 

h is interesting to see that thq 
body's food-inlo-energy reaction is 
siRkilar to the automobile's fuel- 
into-eoergy reaction, both using the 
oxygen of the air artd releasing 
energy. 


Another interesting example of 
chemical reaction is provided by th 
formation of common sail (sodiur 
chloride) from sodium metal an 
chorine gas. A sodium wire burns i 
chlorine gas to form salt. Whs 
surprised the early chemists is ihs 
the salt obtained has propertic 
quite different from those of th 
reacting sodiumand chlorine. Sodiut 
is a soft, silvery metal and chlorine 
a corrosive gas which irritates th 
mucous membrane of the nos 
and throat if inhaled. But, salt, s 
we all know, is quite different an 
finds place in most of our foo 
preparations. A chemical reactio 
transforms reactants (sodiur 
and chlorine) into products (salt 
aad the products have propertie 
quite different from those of th 
reactants. 

What bappens during a dwalci 
reactioD? 

During a chemical reaction ther 
occurs a rearrangement of atonu 
The reaction of sodium and chlorin 
to form sodium chloride serves a 
an example. The metal sodiun 
consista of sodium atoms arranged i 
a regular structure. The gas chlorin 
consists of molecules. During th 
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sacttoa of lodiiun tad ehlonoe, 
he fodiuxn atoms in the meial 
epamie from o&e another and 
ikewiw the two cUorine atoms in 
be chlorine motecule separate 
rom each other. The atoms of 
odium and chlorine then arrange 
bemselves in a new structure in 
rhkh the atoms the two kinds 
Iteroate. This arrangement of 
odium and chlorine atoms consti* 
ules the new substance, sodium 
hloride, that has fonned during 
be chemical reaction. 

Vhy do chemicnl fcacHoM proceed? 

The question—why do chemical 
eactions lake place—is one of the 
lost tundaroental questions asked 
ty chemistry studenti. One very <^len 
cts the doubt as to why certain pairs 
if reactants do not give any products 
vhile a chemical change occurs in 
ither cases. This problem is very 
nuch complicated arKl scientists have 
bought over it seriously. 

Hew aad r»t rcactSooi 

A chemica] reactiOD may take place 
nstantaneously or it may take a 
Dtig time, even yean in some 
ases. An explosion is a terrible thing 
hat occurs instantly. Combustion 
f gun powder in a bullet shell or the 
xplosion of dynamite are examples 
tf ordinary chemical processes which 
ake place in a split second and 
ire accompanied by the evotuiion 
if large amount of gases 

But an explosion is an extreme 
ase. Most of the chemical reactions 
akc some time and there are many 
:hemical reactions which take place 
o slowly that they can hardly be 
letected and one is often misled that 
to reaction has taken place at all. 
magine a mixture of two gases, 
lydrogen and oxygen, at room 
eroperalure in a glass contairtcr. 
fhey can remain.in H for a hundred 
/ears without the formation of a 
linglc drop of water, making one 
xlleve that hydrogen is not reacting 
vlih oxygen. But, in fact it is, altho¬ 


ugh very slowly. To test it, if you beat 
the coQiainer, you notice formation 
of drops moisture on the surface 
of the glass. At 5S0''C, (he reaction 
is so vigorous that (he container 
flies apart in tiny fra^ants. This 
is an example of heat-accelerated 
chemicai process. 

ActfvtCiea caergy—the atagic hairier 

Why does heal accelerate the 
formation of water from hydrogen 
and oxygen? Hydrogen exists as 
H| molecules and oxygen as 
0| molecules in their free state. 
However, before they can react to 
form water they must break up into 
atoms. Here comes (he role of 
temperature. It makes the hydrogen 
and oxygen meet at the atomic level 
so that they react iniianily. 
All molecules cannot enter into 
chemical reactions unless their 
energy equals or exceeds a certain 
energy. The reason why at room 
temperature the formatioA of water 
from H| and Oj is very slow b that 
at room temperature the number of 
sufficiently energetic molecules is ex¬ 
ceedingly small. At high temperatures 
many moiccu les aiu in their activation 
energy making the reaction go faster. 

This magic barrier, also known as 
activation energy, stands in the way 
of a "universal catastrophe** (wherein 
every subsUrwe coming in contact 
with any other substance would 
react instantaneously irrespective of 
the energy it possesses) threatening 
us. Had there been no such barrier, 
all the substances would have been 
converted into (he most stable 
substames in breathtaking time, 
making the world strange and lifeless. 
For example, all the atmospheric 
hydrogen and oxygen would have 
been converted into water, all the 
metals into (heir powdery oxides, 
and complex organic substances 
into simple and stable compounds. 
Fortunately this barrier of activation 
energy comes io the rescue of the 
world and life in it. 

There are ways of measuring the 


rales of chemical reactions. Thii 
is Uk field of reaction kinetics. Bu 
having measured the rates, we arc nc 
nearer to the answer of our inair 
quesikm as to why certain tcacunt 
have got the ability to react am 
form products. "Rte reactions havinj 
the potential to occur without ihi 
asaistaoce of external agency (rrres 
pective of whether they arc fast o 
slow) are called spontaneous reuc 
lions. Mow let ur examme thi 
reasons of sponiuneuy of chemicH 
processes. 

Faelen favouring ■ chemical ihangi 

If we were able lo see what happen 
to Ihe individual alom>< of the reuc 
lanls while a reaction is proceeding 
our I ask would have been easier 
However, this is not possible. IIu 
we can infer as lo what migh 
be happening from experimentu 
measuremenis carried out on th 
reactants and producis. An ensie 
way is lo examine the naiur 
of simple examples of sponianeit; 
and try to apply them to chemicu 
reactions. Wc know that wate 
flows down the hill. This is i 
spontaneous process as it does no 
require any external agency. Simi 
larly a stone falling from a height, i 
sirelched piece of clastic cnniractinj 
on release are examples of sue! 
processes. However Ihe revers 
processes are not sponlancous a 
ihey need application of an externa 
agency. Water cannot of its ow; 
accord go up (it has to be pumped 
and a sione cannot rise by itself. 

If one follows carefully what i 
happening in all (he above spontane 
out processes, one easily comes U 
know that a common feature of al 
of them is a net lowering of potenlis 
ersergy In the direction of sponianc 
ous change. A chemical rcaclio 
is also likely to be sponianeou 
in the direction where a decreas 
in potential energy takes plact 
However, this decrease in energ 
manifests in some form, presumabi 
as heat. Thus. Thomsen (Oanis 
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hemist) and Berthabt (French) ill 
87fi lugge^ted that the change in 
nergy aa measured by heat evolved 
a a chemical reaction was the driving 


those in which heat is evoived) in 
upport of this view. For example' 
' (graphite)+0| ( 4 ) 

-CO, (<)+393.S KJ 
tT cozLventlonaJly, the heat content 
f the reaction, 

—393.3 KJ 

nd 2H,(,) + 0,(g)*2H,0(c) 
-569.010 

However this postulate is not al* 
'ays. applicable since there are many 
hefflical reactions which are accom* 
anied by an absorption of heat from 
le surroundings. Such reactions 
re called endothermic reactions 
'here AH becomes positive since 
eat is gained by the system. Some 
iich examples'are: 

: (graphjie)+H«0(<)-C0(|)+H|(c) 
^H-+121.3 KJ, and 
1^)+1 |(s)- 2HI(«).^H-4-53.6 KJ 
The occurrence of such eodotber* 
lie reactions suggests that a deereaae 
1 energy is not entirely miponaible 
>r the driving force of a chemioal 
saotion while it is true that it favours 
chemical reaction to proceed. 

Now we have to see what other 
icton might be responsible. So far, 
ft have discussed the natural spon* 
ineous processes (a falling stone, for 
xample) wherein a decrease in poten- 
ial energy takes place. We can have 
lea of the driving force of an endo* 
hermic reaction if we study natural 
pontaneous processes wherein there 
i no change in total energy during 
tie reaction. Such systems wherein 
dial energy remains ^constant are 
ailed isolated systems. The diflu- 
ion of two gases into each other is a 

pontaneous process and. if carried 
ut in a closed conuincr, becomes an 
H>]aied system. Suppose that two 
ases at the same temperature and 
ressure are present in two compart- 
lents and are separated by a movable 


partition. On withdrawing the 
partition, the gases diffhse into each 
other, the system becoming more 
mixed up, i.e., the probal^ity of a 
chosen molecule of either gas occupy- 


decreased during the change. In 
another way, the system has become 
less predictable or more chaotic. 

Another example is the expansion 
of an ideal gas into vacuum. This 
is spontaneous and is irrevenible. 
i.e., a gas will not contract in volume 
of its own accord. In this case 
also, the change is accompanied by 
an increase in the degree <k disorder 
(or entropy) of the system. 

One may now conclude that for a 
spontaneous process in an isolated 
system, the system tends to become 
more disordered or its entropy 
increases. The entropy a system 
is high if it is more disordered and 
for a very orderly system it is low. 
Entropy is given the symbol *S* and 
for a spoottnoous change in an 


iaoUtdd system, AS must be posid 

Hew does Pangea in utt ep j ce 

. abMtr 

As we have already seen, a chOi 
cat reaction is simply a rearrangem 
of atoms or ions from one pattern 
the reactants to another in the p 
ducts. In chemical reactions, entro 
change occur because of this difl 
ence in the arrangement. If 1 
structure of the products is very mu 
more disordered than that of 1 
retcunta, there will be a result! 
increase in entropy and vice ver 
If in a chemical resetion th( 
are changes in both energy a 
entropy, neither a decrease in h< 
energy nor an increase in entro 
can atone determine the direction 
spontaneous change. The results 
of both these effects would deci 
whether a reaction would procei 
and if so. in what direction. 

Dissolution of ammonium nitn 
in water is accompanied by bo 



orce behind a chemical reaction. 

*hete are many exothennic reactions ,ing a given volume of space has 
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and entropy changes. This 
an endothermic reaction and 
targe and positive. Ho>vever, 
nee the NHj* and NOi" ions are 
Bving their positions on the cryiul 
itice and are adopting a more irre* 
jiar disposition in solution, (he 
rocess is accompanied by an 
crease in entropy. is quite 
rge and positive. Here the energy 
nd entropy changes oppose each 
Lher in their influence on the direc> 
on of spontaneous change. Entropy 
iange. being (he dominant one, 
ivours (he dissolution. 

Because of this opposing eflect. a 
sw function is defined incorporating 
)(h of these. The symbol is ^G. 
is defined in terms of change in 
dal energy and change in 

Uropy AS and (he absolute tempe- 
iture at which the reaction taites 
lace. 

AG - ah - T as 

AG is known as the change in 
ee energy of ihc reaciioiv From 
lis relation, if AH is negative 
AS positive, ihcn since 
(absolute temp.) is always positive, 
would be negative. In general, 
lany chemical reactions cor- 
ispondtothe closed system where 
Dth energy and entropy changes 
ike place at constant tempe¬ 


rature and pressure. The criterion 
for a spontaneous change in such 
systems is that AG must be negative. 
This relation allows us to predict in 
advar>ce whether a proposed chemi¬ 
cal reaction will take place or not, 
provided we know enough about 
energy and entropy changes. If the 
reaction is exothermic ar\d is accom¬ 
panied by an increase in entropy, 
AG is negative and the reaction 
proceeds, while an endothermic reac¬ 
tion accompanied by a decrease in 
entropy would not proceed at all. 
When the two efTecis oppose each 
other, only those reactions proceed 
which have a negative AG. 

An endothermic reaction for which 
AS IS posit ive and AG is also positive 
ut room temperature (and hence 
should not proceed at room tempera¬ 
ture) may proceed at high temperature 
only, as can be seen from (he above 
relation. Therefore, the temperature 
has got a marked eflcct on the 
occurrence of chemical reactions. 
Similarly exothermic reactions ac¬ 
companied by a decrease in entropy 
have a higher chance of proceeding 
at lower lempcratures. So chemical 
reactions once thought to be never 
proceeding were made to proceed 
under suitable conditions by cither 
a decrease or increase tn the 


temperature. 

Centluiioa 

Chemkal reactions arc the spir 
of chemical science and they mail 
(he principal subject matter < 
chemistry. A world without chem 
cal reactions would be a strange an 
fantastic one. Jt would be a lif< 
less world of very stable compounc 
with no inclination to react. Forti 
natcly this is not the case. Man 
curiosity about Ms environment ht 
helped him prepare all kinds of sut 
stances by means of chemical rcai 
lions from the simple water moh 
cules to infinitely complex protein 
Chemical reactions feed us. sheld 
us and protect us from sufTerinj 
They can make (be world u happli 
place for the people to live in, t 
raising standards or living. Chem 
cal reactions play such an importai 
pari in the life of the twentiei 
century man (hut (his nge ma 
properly be called the chemical ugi 

further reading 

1. Thompson, J.i.. An introifuciio 
r<i chemieof e/H?r/?c///r.i. Longman 
Green & Co Ltd.. (1969) 

2. MacWood. C E and VerhocI 
F.H., Journal<tf Chtmical Extua 
tion, 38 (1961). p 334. 
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One of die first protelni to emerge from the ^primenl $oti] 
was femdoxfii. Besides playing a major role as a Uologfo 
reducing agent, the protein can be of immense help in trade 
tbe coone of eTOIntioo 



the iron-sulphur protein 
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on &cidi6cation. The chemical nature 
of the acid-Ubile sulfur U uocertain, 


F ERREDOXTN it ralatiwly Bew 
to biochemistry. Its discovery 
dates back to tbe late 1950s wbeo 
workers in photosynthesis noted that 
the reduction of otcotinamlde adenine 
dinucfeotlde phosphate (NADP) and 
the evolution of oxygen by isolated 
chloroplasts required the presence of 
a 'protein factor*. In 1958 A. San 
Pietro and H.M. Lang of the Charles 
P. Kettering Research Laboratory, 
bellow Springs. Ohio, U.S.A. ex« 
iracied and partially purified the 
protein factor' from the chloroplasts 
giving it the name photosynthetic 
>yridine nucleotide reductase 
PPNR). During their studies on 
iltrogen fixation in cell^free extracts 
tt Chsfridium pasteurianum, L.E. 
dorlenson, R.C. Valentine and J.E. 
Carnahan of the E.l. due Pont 
rentrat Research Department, 
Delaware, U.S.A. (19^2) noted the 
equirement of an 'iro&«redox 
protein’ for the electron carrier. 
*hey called it 'Ferredoxin*. The 
lurihed protein from spinach was 
itcr called 'Ferradoxin* by D.l. 
vrnon and his coworkers at tl^ 
Jniversiiy of California, Berkeley, 
^lifornia, U.S.A. in 1962 because 
had properties identical to those of 
MTedoxin from nitrogen^fixing bac* 
:ria. What wt now call ferredoxin 
as been variously called as 
iethaenioglobin*reduclng factor, 
lADP-reducing factor. PPNR, 
aem-reducing factor and »d 
uyme. Ferredoxins have been 
oUted from non-photosynlhetlc 
taerobic bacteria, photosynthetic 
acteria, algae, leaf tissues of higher 
lants and from animals. 

emlog and properties 

According to the January 1973 
commendation of lUPAC-lUB 
ommission on Biochemioit Nomen* 
sure, ferredoxin u«ed as a generic 

rm for those metatloproteins known 
iron-sulfur proteins which have 
iual numbers of iron and labile 
Ifur atoms The sulfur atom is acid- 
bile and yields hydrogen sulfide 


although there is some evidence that 
It arises from sources other than the 
cysteine residues of the polypeptide, 
liie ferredoxins have a negative mid* 
point redox poteatial at pH 7. They 
are characterized by an electron- 
paramagnetic resonance (EPR) signal 
at g > 2 for the reduced protein. 
Ferredoxins arc present in plants, 
animals and bacteria. For naming, the 
source should always be stated, for 
example, cbloroplast ferredoxin. ad¬ 
renal ferredoxin, PstudonwtasputUa 
ferredoxin, Chstridhtm aci^^tirici 
ferredoxin, etc. Ferredoxins have 
molecular weights of 6,000 to 12,000 
—the lower molecular weights 
characterise bacterial ferredoxins, and 

the hi^^r are those isolated from 

chloroplasts of higher plants. The 
isolated plant and algal ferredoxiAS 
are red in colour wit^ absorption 
maxima at 277, 330, and 420 nm in 
the oxidized form. Reduced ferre- 


doxins are strongly autoxidizable 
Ferredoxin may be abbreviated Fd. 

Stnetve 

The ferredoxin molecule is smal 
and in addition to only 50 to 100 am< 
ino acids contains iron and sulphui 
atoms. It is now well established tha 
ferredoxin conuins 2, 4. 6, or B iroo 
atoms together with an equal numbei 
of labile sulphur atoms and a consi* 
derablc number of cysteine amino 
acid residues. Evidence concerning 
how they link together is still lacking 
inspite of meny propositions advanc¬ 
ed from time to time. Taking into 
account the evidences available some 
model systems can be constructed. 
Recent evidence indicates that ferre¬ 
doxins contain iron in tetrahedral 
sites. The equal number of iron and 
sulfur atoms suggests highly ordemd 
structures for ferredoxins. With these 
and some other evidences on hand, 
tbe most favoured structure for tbe 


2Fe-f2S ferredoxin is shown in 

, Midw is header in Boteay u Uikel Uniwwiy; Shri Pradhaa b I.P.S. Probati^ at lodiaa Porw CollMt. Dehra Dun ghri Kai 
leoior Research Fellow (^R) * 
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Fit. 1 

is* !(•)• For Ibe 4Fe+4S proteins* structure gives a rtsulunt pseudo- 
ke arrangement is the pseudo*cubane tetrahedral environment to the iron 
ructure as shown in Fig. I<h). This atoms. Pew systems are available as 


models fo; the 6Ke4>6Sand ape+l 
proteins. Sophisticated X-ray sludi 
of an 8Fe+8S protein show tv 
clusters of very high electron densi 
of cubic shape. The model for tl! 
protein has been suggested to consi 
of two pseudo-cuhane units sep 
rated by 12 A'. 

FoBctioaa 

Basically ferredosins arc biologic 
reducing agents. They transfer cle 
Irons at very low redox potential 
As such, they act as electron carrie 
in such diverse biochemicai process* 
as photosynthesis, carbon metaN 
lism and nitrogen fixation. 

^Mctosynihfsis Because of its r 
markibiy negative redox poleniii 
0.1. Amon (1967) suggested th 
ferredoxin is the immediate electre 
acceptor from Pholosystem 1. Ko> 
ever* in 1959 A San Pietro of tf 
Charles P. Kettering Research Lab< 
ratory* Yellow Springs, Ohio, U.S.^ 
and A. Trebst of the Departmenl « 
Plant Physiology, University • 
Gottingen. Germany in indepe 
dent studies have shown th 
a substance of unknown chcmic 
composition, 'ferredoxin rcducir 
substance* <FRS) which is mo 
electroneplive than ferredoxin mt 
' be located between Photosyste 
1 and ferredoxin. Ferredoxin 
reduced by the electron flowii 
from illuminated Photosyslem I, Tl 
reduced ferredoxin, in turn, causes tl 
reduction of nicotinamide adenii 
dinucleotide phosphate (NADP) in 
reaction catalysed Ky the enzyn 
ferredoxin-NADP reductase. Th 
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2H ' + Fefredoxm NHj-* Enzyme 

Hydrogenese 

Hj 


Fit. 3 


>nz.yfti»lie reaction i» independent of 
ight. The role of ferredoxin in (he 
jhoiosynlhciic reduction of NADP 
\ outlined in Fig. 2. 

Corhondioxide f\xaii*>n. In bacterial 
:y$(ems. fixation of carbon dioxide 
s apparently a ferredoxin-dependent 
eversa) of the reactions of the tri- 
rurbt^xylic acid cycle or the Krebs 
tycic. The strong reducing potential 
)f ferredoxin drives the reversals of 
he two reactions of (he tricarboxylic 
icid cycle, which otherwise are 
rreversibk in aerobic cells. These 
wo carboxylating reactions are: 

\cc(yl*Co A+COf 4- Fd( reduced}-^ 

Pyruvate+CoA + Fd-»( oxidised) 

»ucci ny l-Co A+CO, -t- Fd(rcd uced) 
.^ 0 (‘Ketoglutara(e+CoA+Fd (oxi¬ 
dised) 

fhese reactions are reversible in 
ihlorobium because this bacterium 
$ able to generate reduced ferredoxin 
)hotosynthetically and to use its 
trong reducing power to overcome 
he large energy barrier of these car- 
>oxylations. Ferredoxin one of the 
nost electronegative electron carriers 
md it has the potential to drive the 
arboxylation of acetyUCoA and 
lUCcinyl-CoA. 

fixation. Pyruvate seems 
0 play a role in nitrogen fixation and 


ferredoxin acts as an intermediate in 
the transport of electrons from 
phospho roe last ic decomposition of 
pyruvate to nitrogen fixation in 
Cfostridium paxicuficnum. Molecular 
hydrogen can also act as a source of 
electrons for nitrogen fixation in C. 
pasteurianum provided adenosine tri¬ 
phosphate (ATP) or acetylphosphate 
is present, but in this case also ferre- 
doxin is required for nitrogen fixa¬ 
tion. The role of ferredoxin in nitro¬ 
gen fixation in bacterial systems is 
shown in Fig. 3. 

Ferredoxin an erolntioury indicator 
Besides acting as a biological re¬ 
ducing agent, ferredoxins can be more 
useful in tracing the evolutionary 
pathway that the living organisms 
have undergone with the passage of 
time. They were probably the first 
proteins to emerge from the 'prim¬ 
eval soup* and had played an impor* 
tant role in the origin of life. It be¬ 
comes more clear by considering the 
simplicity of their biosynthesis. Once 
the protein is synthesised the iron and 
sulphur atom can readily combine 
with it in a non-enzymatk reaction 
to form ferredoxin. In fact, this 
simplicity is suggestive of them as 
being made hy the first forms of life. 
Moreover, four species of bacteria 
belonging to the genera Chstridtum 


and Micracoccus have ferredox 

contaioifig only fourteen diffen 

amino acids with nine of these co 
• 

mon to all of them. And these ni 
amino acids are identical to the 
that are readily synthesised abiogei 
cally in laboratory experimei 
un^r conditions simulating that 
(he piimeval earth. Still more, in t 
Murchison meteorite that fell 
Australia in 1969, are found, amoi 
other substances, six amino act 
that art identical to six of the nli 
amino acids in bacterial ferredox! 
stated above. The absence of amit 
acids like methionine, histidine ar 
tryptophan that are difficult to 1 
synthesised abiogenically under lab 
ritory conditions from these ferredi 
xins can also be taken as an indire 
evidence. All these facts, when take 
together, are sufficiently significant I 
bring out the conclusion that rerred< 
xins were the first proteins to \ 
fo/med and utilized by the first forrr 
of life that appeared on the eart 
billions of years ago. 

It seems probable that the earl 
fermenting bacteria (which are cons 
dered as the first living organism t 
appear on the earth more than 320 
millioD years ago) were using ther 
for electron transfer during the fei 
menting process. Ftrredoxins fror 
the present day fermenting bocieri 
like Micfococcus^a^ Clostridium 
also relatively simple and have tw 
very similar blocks uf 26 amino acid 
joined end-to-end, each containiiv 
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tur vital cysteine groups. Tt appears 
lat the tint organisms probably 
>nsisted of only one of these blocks 
r 26 amino acids with four cysteine 
roups. Later, during evolution, the 
It doubled by gene duplication 
lereby giving rise to the ancestors 
r the present bacterial ferredoxini 
ith S cysteine groups. 

Green photosynthetic bacieria that 
srvest energy from the sun for their 
fe processes were probably the next 
» appear on the evolutionary scene, 
hese bacteria carry out a simple type 
f photosynthesis with ferredoxins 
aving the protein parts containing 
S amino acids. 

The purple photosynthetic bacteria 
ppear later in the evolution. These 
re structurally more sophisticated 
an the green photosynthetic bacte* 
a with more complex metabolism, 
he protein part of these bacterial 
:rredoxins consists of 61 amino 
cidt. 

The blue-green-algae are more 
went than the bacteria. With their 
dvanced type of photosynthetic 
^sterns, they changed the anaerobic 
>aditioQ of the primitive earth 
ito aerobic condition. The ferredo- 
ins of the blue*gteen-aigae are dilfe- 
^nt from (hose of the becteria having 
longer protein chain of 97 amino 
cida, and containing only two atom 


each of iron and sulphur. In all physi¬ 
cal properties and structural and func¬ 
tional aspects these blue-grten-algae 
ferredoxins resemble the ferredoxins 
from other algae and higher plants, 
iospile of the existence of a fundamen¬ 
tal differenoe between themselves. 
The former ferredoxins are procaryo¬ 
tic and the latter euciryolic. This 
similarity in ferredoxin structure is 
well as function is in fact very much 
signiheant if we accept the suggestion 
that chloroplasts were hrst formed 
from the blue-green- algae which 
came to live symbiotkally inside the 
early plant cells. All chloroplast 
ferredoxins would be derived from 
a common ancestor, namely, ihe 
bloe-gree n-a Igae 

Considering the structure of the 
types of ferredoxin described one can 
trace the evolutionary palhwa) from 
the simplest organisms to higher 
plants in the sequence given in Fig. 
4. However, there is a big gap bet¬ 
ween plant-type ferredoxins and 
bacteria) ferredoxins. So far no inCer- 
oodiate form has been found. Using 
a few biochemical processes i^nt* 
type-ferredexins can be made to func¬ 
tion, though with leu efficiency in 
bacterial systems and vice versa. 
This and their structural differences 
seem to sug^t that the plant and 
bacterial ferredoxins diverged from 


a common ancestor conuining pr 
bably four cysteine groups (Fig. : 
The bacterial ferredoxin might ha 
developed from Ihe common a ncest 
by gene duplication end produced 
protein with 6 cysteine groups. C 
the other hand ferredoxins from blu 
grecn-algae, other algae and high 
planu appear lo have deveU>pcd fro 
the same ancestor by increasing ll 
length of the protein chain. Itisuisc 
signihcant coincidence that comple 
ily of photosynthetic apparatus ai 
length of the ferredoxin protein cha 
proceed side by side. Pohsibly, the 
ferredoxins have long protein chai 
so that they will hi into the membrai 
system of the photosynthetic app 
ratus. 

Animal ferredoxins appear lo cor 
from a third line of evolution. Tl 
amino acid sequence of only o\ 
animal ferredoxin. the bovine adrer 
ferredoxin. is known This ferredox 
is not like others described a bo 
even though its active venire seer 
similar. 

Ferredoxins aie u class of prutv 
in which the ;>attcrn of evolution ci 
he seen by properly interpretif>g t 
information contained in them. O 
knowledge about fefre<toxin^ is i 
creasing. We ssill soon he able 
trace the complete evolutionary pat 
way with all its twists and turns fro 
the beginning to life present day. 
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ntrodnctUn 

UR body i$ euentUIJy made of 
compkx organic molecules like 
TOteifu. peptides, enzymes, lipids. 
Ic. Besides these organic molecules, 

; consists of certain metal ions which 
onstitute only 3% of the human 
ody. These metal ions are sodium, 
otassium, magnesium, calcium, 
langanese, iron, coball, copper, zinc 
nd molybdenum. 

These metals can be divided into 
w} groups: the main group elements 
Va. K. Mg. Ca) and the transitional 
roup elements (Fe. Co, Cu, Zn, Mo, 
Lc.). The main group elements are 
eneraily present in our body as free 
>nH. though calcium and magnesium 
re also present as complexes. Transi* 
onal metal ions are, however, always 
omplexed with organic molecules 
kc enzymes. 

Any change in (he concentration of 
ie.se ions disturbs the physiology of 
ic body. The cleavage of meUl* 
gand bond of the complexes of 
ansitional metals with organic mole- 
ules may result in fatal disease. Let 
»represent these complexes as M-L 
Vf Metal iod. L^organic molecule 
kc protein, enzyme, etc.). Any 
»reign metal or any virus irt our body 
lay compete to join with M or L. 

the virus wins the race, the M’L 
3nd is broken and there is an excess 
deration of a metal ion or the orga- 
c molecule, which may lead to a 
sease of any magnitude. In Wilson's 
sease the symptoms are cirrhosis 
* liver, paleness of eyes, and there 
liberation of copper ions in the 
)d>. These ions are originally 
implexed with enzymes, but on 
count of cleavage of coppcr-en« 
me bond, the copper ions are 
derated and deposited in liver. They 
limately become poison for human 
>dy. When an organic molecule 
enicillamine'is injected in the body, 
e copper ions are complexed and 
e disease is cured. A similar type 
' cleavage of bond might be 
e cause of cancer. 

The importance of metal ions for 


the body was known even in 1500 b.c., 
because in those days impotence was 
treated by aqueousethanolic solution 
of rust and anaemia by ferrous salts. 

Sodium and poUsafui 
These ions are found widely dis¬ 
tributed throughout the body. So¬ 
dium is the main cation in the fluid 
outside the cells, and potassium is 
found inside the cells. T^ shock that 
occurs after severe burning, is observ¬ 
ed because potassium ions within 
the cells are lost. Both ions have the 
role of keeping the osmotic pressure, 
on either side of the cell wall, cons¬ 
tant. They also maintain sensitivity 
of the nerves and control muscles. 
Potassium ions permit heart muscles 


CletTtge of meUl-ligaiHi bond 
of the complexes of transi¬ 
tional metab with organic 
molecules may lead (o higher 
coDcentratioD of the metal in 
the body resuHiog in fatal 
dfseases 



to relax between beats. Sodi 
chloride 1$ the source of hydrochic 
acid for gastric juices and, sodii 
bicarbonate is a buffer in mainta 
ing the acid-base balance of bo 
fluids and in the transport 
carbon dioxide. Sodium, as sodii 
chloride, is wasted in large quandt 
throu^ perspiration. To replen 
this loss in summer, excess salt sboi 
be taken. Both Na^ and K* ic 
are excreted via kidney, in the uri 
as salts of phosphoric, sulphuric a 
uric'or lactic acid. 

The sodium silt of uric acid 
insoluble and when deposited in t 
cartilage it produces gout. Our bodi 
obtain the supplies of sodium ai 
potassium from plants and comm( 
salt. 

Magnesium and caidum 

Magnesium ions are found coi 
plexed with nucleic acid inside thece^ 
and are necessary for nerve impul 
transmission, muscle contraction ar 
metabolism of carbohydrates. A 
enzymes which transfer phosphat 
require a meul ion. i.e.. magnesiur 
Mg.SO^. 7H|0 (Epsom) acts as 
purgative because it does not pai 
through the iniesdnal wall, an 
extract vrater for its hydration. 

Human body requires calciun 
phosphorus and vitamin D for th 
formation of bones and teeth (grow 
ing children need upto l.Sgcalciui 
per day and adults 0.5g). It is als 
necessary for formation of mill 
precipitation of milk casein in th 
stomach, maintair>ance of the corret 
rhythm of the heart beat and in th 
coDversioQ of fibrinogen into fibril 
to form blood clots. Calcium salt 
are sometimes administered h 
hasten blood clotting, or conversel; 
sodium and potassium citrate is giver 
to complex the calcium salt and t( 
reduce clotting. Blood donation cai 
be taken into 3.8 % potassium citrau 
solutions. If the calcium level it 
blood fills, it is replenished by drain 
age from bones and eventually i 
causes skeletal bone bending (Oafeo 
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malacia). The reguSlioo of blood reduction reactions in ihe plnsmi. 
calcium is controlled by the paratby- Colostrum and milk are low in iron 
roid glands using the hormone content; so infants require a reserve 
calcitonin (a chain of 32 amino acids 


at binh which is furnished by th 
mother prior lo birth and is stored i 
the liver and spleen to last for si 
months. Thereafter, the body i 
unable to store it. Excesses are c) 
creled. Bleeding, child ^iritge. pai 
turiiion and menstruation requir 
more iron than is usually found in Ih 
diet. Anaemia may result if iron i 
not replenished. This may beachiev 
ed by administering ferrous sah 
which are easily absorbed by th 
intestine. Alternatively intravenou 
injection of iron ascorbates am 
citrates can be given. 

If we remove cells from blood, th 
remaining solution will be plasma 
It contains less than 0.1% of ou 
body i ron. The i ro n co nU nt of pla $ mi 
varies with sex, the time of day am 
diet. The normal iron in female pUsmi 
is 10%>15%lcss than in male plasma 
They are highest in morning am 
lowest in the middle of u^rnoon 
Night workers have the convcrsi 


residue). Administering calcitonin, 
isolated from parathyroid glands, 
may prevent osteoporosis (thin briti* 
leness of bone) in the aged people. 
Calcium deficiency in blood plasma 
causes muscular twitchings and even* 
lually convulsions (sudden contrac¬ 
tion of muscles). 

Magnesium is present in plant 
chlorophyll and calcium in many 
minerals, vegetables and milk. It is 
through these resources that our 
body requirements are met. 

Maagancae 

It is required for enzyme activation 
in the body The enzymes that are 
(Lctivated by this metal ion are rso* 
citrate dehydrogenase, malic enzyme 
ind pyruvate decarboxilate. It reaches 
Dur body through green plants. 

Iron 

Our body contains 4-5 g of iron; 
65%*70/o in haemoglobin. l5%stor* 
sd in liver, spleen, bone marrow, and 
kidney and the rest is involved in the 
rormatloQ of protein and in oxidation* 
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haractemtics. During pregnancy, 
enutcs have un iron defktency be* 
au$e of focul requirements. From 
nid*(ertn onward ihe plasma iron 
Irops, even though the total iron 
unding capacity (T.t.B.C.) increases, 
inaemia cannot be treated by ad« 
ninistering iron unless the TJ.B.C. 
i high or can be therapeutically 
ai sed. A t bi rth t he i nfa nt ha s a highe r 
miasma iron content than the mother, 
tut its T.I.B.C is low. So». within 
matter of hours the concentration 
irops. U rises slowly over (he 
ext few years until it reaches (he 
ge of five years. 

The average life of a red cell is 
20 days and 25mg-'30mg iron are 
)st each day. An equal quantity of 
on requires to be taken. Pregnant 
^omen who eat meals cooked in 
on utensils are not deficient in 
‘on. Excess intake of iron may cause 
side effect. Plants, iron utensils, 
nimal liver are the sources of iron. 

:obalt 

In cur body cobalt is necessary for 


vitamin D,|. or cyanocobalmin is 
needed to form haemoglobin. Its 
deficiency causes pernicious anaemia. 
The B,I present in our food cannot be 
absor^d through intenstinal wall 
unless it encounters hydrochloric 
acid (from gastric juice). Cobalt 
(11) is used as an enzyme 
activator. The richest source is 
animal liver. 

Copper 

Copper is actually required in the 
production of haemoglobin, (t isfou* 
nd in certain enzymes, which are capa¬ 
ble of carrying oxygen as haemoglo¬ 
bin does. Tbecuproproteins use mole¬ 
cular oxygen as an electron acceptor 
and most of them contain an even 
number of copper ions. These cupro- 
proleins are used in oxygen storage 
for transport to the brain and blood 
plasma. Copper is stored in liver. 
Liver is the source of copper. 
Excess copper if not excreted 
may*be found deposited in eyes. 
Presence of excess copper in body is 
poisonous 


2 ta 


ITrace elements i 
human body 

T race elements or micr< 
elements are as important fc 
the development and maiotenaiic 
of human body as the majo 
elements are. They are, howevei 
required only in minute quantitie 
for metabolism. Deficiency c 
these elements is the cause c 
ailments of various kinds i 
human system. For instance, lac 
of semitract element iodin 
produces goitre (swelling in th 
neck caused by enlargement o 
thyroid gland) and mental ani 
physiuil retardation of infant! 

These elements are widel 
distributed in various organ 
and tissues of the body. Th 
maximum amount of iron i 
present in the skeleton (!S60m| 
followed by the amount in brai 
(580 mg) and liver (530 mg] 
Copper in brain is 58-81 mg. an< 
in liver it is 59 mg. Most ofzin 
and boron arc found in skelctoi 
and muscles, manganese mosti; 
in skeleton (28 mg) and also ii 
muscles. Human skeleton alsi 
contains 98 mg of strontium. 14. 
mg of lead (which is known to b 
tcxic for the human body),7.8 mi 
of boron and 8.6 mg of tin. Cobal 
also occurs in various parts o 
the body, though its percentag 
is very low. In skin only tw< 
trace elements are present; boroi 
(2.14 mg) and cobalt (0.11 mg. 

Almost all these micro element 
are present in low amounts ii 
ocher organs of the body also 
say in heart, spleen, kidney, braii 
etc. Strontium is found only ii 
skeleton and in no other organ 

N.B 

Ziac 

Zinc IS an essential constituent c 
several enzymes and its deficiency i 
believed to have led to dwarf forms 
tion among some people living i 
central Europe. Zinc occurs in it 


'IBNCE REPORTEK 


APRIL 19 


m of several inberaU and is 
gained through plants. 

It participates in biochemical oxi- 
ttion*itdaction as in liver. During 
« redox reaction Mo (V) and Mo 
1) are attached to oxygen con- 
in log a ligands. It acts as a cofaclor 
nitrogen fixation bacteria in some 
ants. 

ilvests 

Seventy per cent of our body 


weight (BW) is water: 0.49 BW in¬ 
side cells. 0.17 BW in interestitial 
fluid and 0.04 BW in blood plasma. 
Each day 1.61 BW of water is lest and 
imbalances in the above soon result 
in severe edema or dehydration 
Whole blood consists of 93% water 
and 4% solutes (colloids, ions and 
complexes). 
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JEWS AND NOTES {Continued from page 246) 

Medicine Nobelist Dr. Whipple passes 

away 


D r. George Hoyt Whipple, co- 
winner of the 1934 Nobel Prize 
n Medicine and pioneer of medical 
eaching and organizer of medical 
ducation in the U.5.A.. died on 
■ebruary 1, 1976, in Rochester, New 
fork, at the age of 97. 

Bom on August 28, 1878 in Ash- 
and, New Hampshire, young Whip- 
)le graduated from Yale University 
a I9D0 and received his medical 
legree in 1905 from Johns Hopkins 
University, After some years of 
raining and teaching at this Uni¬ 


versity. he went to the University 
of California as Professor of Medicine 
becoming its dean in 1920. In 1921 
he came to the University of Roches¬ 
ter where he organized iu new medi¬ 
cal school, serving as its flrst dean 
and retaining that position till 1953. 
He served in various capacities in 
the development of the Rockefeller 
Institute of Medical Research, which 
is now Rockefeller University. As 
one of the American medical stu¬ 
dents who received a grounding in 
European-style medkil science at 
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Johns Hopkins University, perhap 
the first American medical schoc 
to adopt this method. Dr. Whippl' 
spread it lo other institutions. 

Working independently. Dr. Whip 
pie discovered that previously in 
curable pernicious anemia could h 
controlled with a liver diet. Thi 
paved the way for the it 

treatment of pernicious Hiieniia h 
Dr. George R. Minot (I8S5-I<'^( 
and Dr. William P. Murpitv H 
shared with them the 1934 N.>S 
Prize in Medicine and Physii»lo>» 
Dr Whipple's re.searvh included fo 
mation and destruction of bile pij 
menis and hacnin(>lnbin. 

flllAKTJ Dai j 
St, Bornahfif flosfitt 
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The interplanetary space 


D UR ip«cUI sur, the suii» U in 
•II respecit the cynosure of the 
oUr lysUm. Thou^ ftr nway from 
he pUnets and in a near vacuum 
ipace, (he sun bears full responsibility 
or whatever takes place in inter¬ 
planetary medium and even planetary 
ttaospheres. For instance, one is 
iware of the beautiful but bizarre 
sheoomena like polar auroras, 
nagnetic storms and Vaa Allen 


radiation belts that occur in the 
earth's atmosphere because of the 
sun. A stream of energetic 
particKes ejected by the sun 
moving at supersonic speeds, called 
the 'solar wind', can be accre¬ 
dited with these and various other 
phenomena that are observed on 
earth, other planets and in interpla- 
neury space. This wind which flows 
steadily away from the sun and which 


during solaf flares (outburvU 
energy) is more energetic than usui 
creates radical and complex chang 
in temperature, density, partkl 
and magnetic fields in the iote 
planetary space. So, it is relevai 
to discuss solar wind befo 
coining to the effects it brings abo 
in the space. 

Solar wind 

For the present purpose, it 
enough to say that suiface of the it 
is made up of nozzles, exactly lil 
those in rocket engines, which eje 
out hot matter at supersonic ipee< 
(speed above the velwity of sound 
]f the sun were stationary, the ox 
flowing gaseous streams wou 
appear as in Fig. 1(a). But ; 
the sun is rotating (5.R., Dec.. 7i 
the entire configuration 
oulfiowing streams appears as 
Fig. l<b)—like the water spoutpi 
out of garden hose nozzles. It 
apparent, to reason that, like tl 
water is sprinkled all around I 
a garden hose, the outflow!] 
gases are sprayed in all dire 
tions in the interplanetary spai 
in the form of an Archimcdei 
spiral (Fig. 2). 

The question that arises is: W1 
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4ocs not the soUr wind, as it should, 
diffuse into the inteiplaiKUry space 
as soon as it is ejected out of the 
Boazles on the surface of the sue? 
The answer comes under the domain 
of plasma physics. The solar wind is 
in a gaseous plasma staie^full of 
bale stuff—called the fourth sute of 
matter, because the properties it 
exhibits at ordinary conditions are 
different than what the other slates 
exhibit For instance, when a magne¬ 
tic field is applied to the plasma, it 
conforms itself to the magnetic 
lines of force and almost gets 
Trozen' in it, particularly when 
(he field is strong. When it is not 
10 , the plasma does not conform 
to magnetic lines of force; instead it 
Jisiorts them. In the vtcinily of 
the sun where the magnetic field 
is strong, the material that the 
nozzles eject conforms to it and 
BO is swung round the space. 
Kt the distance from the sun 
ncreases, the magnetic field 
itrength decreases and, as a result, the 
iirection of the plasma flow predo- 
ninates the magnetic lines of force 
o form the Archimedean spiral. 


Within the last decade or two many 
spacecraft, e g.. Hetios, Marmer, 
PioHtfr, etc., were launched to study 
the solar wind inside and outside the 
earth's orbit around tlie sun. It has 
been observed (hat the wind mostly 
contains ionised hydrogen; the 
maximum flow is radially outward 
from the sun; its velocity range is 
350-800 Im/sec, its density is 5.4 
ioDs/c.e., ionic temperature is about 
160.000 *C. and the average strength 
of the magnetic field is 6 gammas 
(six hundred thousandth o^ a gauss). 
On the whole, the direction of magne¬ 
tic field lines resembles the garden 
hose configuration but is variable. 
Properties of the solar wind vary with 
distance in a simt^ and continuous 
manner. For example, between I A.U. 
to 5 A.U. (one astronomical unit 
(A.U.)«the average distance bet¬ 
ween sun and earth - 150 million km) 
the average velocity of the wind 
varies slightly, and with increase in 
distance the range of fluctuations 
diminishes gradually. It is because of 
the intermixing between fast and 
slow moving particles to equalize the 
speed. The average temperature falls 


by a factor of two; and the ioi 
density varies in accordance wi 
inverse square of the diiiUucc frr 
the sun. At 5 A.U. the magne 
lines of force are nearly in the pla 
of the solar system and are almost 
a circular orbit around the sun. 

This is the picture patched logei h 
from the data available from vario 
inlerpbneiary missions sent towar 
planets. Research is in progress 
probe deeper into intcrplancta 
space. Eyes are presently set on tl 
data that, it is hoped, would be sc 
by Pioffeer-IO by 1979. when it woul 
be nearly 20 A.LJ. away from thesu: 
Further, there arc many problen 
faced by scientists in probing tl 
Interplanetary medium at variot 
angles and distances. Till nos 
majority of the data collected ai 
about the solar system plane and m 
from a wide ingle. However, froi 
other studies, e.g.. the observation < 
comet's tail (the cause of which 
the solar wind), much has been gair 
cd about the solar wind at highr 
latitudes of the sun. A conclusio 
has been drawn from this study tha 
the outflow of the wind is not spher: 


INT6RSTSLLAR 

WIND 


BOA SHOCK 








CIENCE SPECTRUM 


illy symmetric&l; it depends on the 
Dtar latitude. 

Another obvious but verily calcula- 
*d idea is that or the presence of 
eiiopeuse. It is known that the 
un, with its entourage of the orbiting 
lanets, is moving through the space 
t a velocity of 20 km/sec towards an 
naginary point in the space called 
De solar apex. Because of the diff- 
rence in densities (interstellar space 
ensity is I aiom/c.c., whereas 
verage interplanetary space density 
I 10 ptrlicles/c.c.), the sun, like the 
ow created along the front stream- 
ned edges of a boat moving through 
/ater, creates a bow—a hypothetical 
oundary surrounding the solar 
astern, whose frontage facing the 
>lar apex (Pig. 2) is spherical and the 
ackside tapers like a tail. 'Fhe 
eliopause boundary facing the apex 
om the sun, as iheorelicaNy 
included, lies between 5 A.U. to 
00 A.U. The data transmitted by 
'hwcr-IO, when at 10 A.U., how- 
ver, does not indicate such a iransi- 
on boundary. 

iterplaoetary medium 
As the ^lar wind blows through 
le rn'erplanetary space, it acts as a 
ledium ^>r higher energy charged 
unicies 3S well. Before it is dis- 
ussed how it influences the particle- 
ow ibe basic intricacies of the solar 
ind as a medium need elucidation. 
PiiM. (he medium has on an 
vemge some 10 particles of matter 
er C.C., so its mean free path is 100 
i.U. The mean free path is the 
verage distance a particle would 
averse before colliding with another 
article. It depends on the density 
r (he medium: (he more dense a 
tedium, the lesser the distance 
particle would traverse before 
:)Uiding with another particle, 
(cause of the 'crowding' of the parlU 
es. Second, the medium has 
lugnetic fields which, of course, 
>main irregularitJcs. The irregc* 


larities arc like 'kinks* in the taut- 
lines of the magnetic fields, ’ntird, 
motion of a charged particle through 
a magnetic held is naturally directed 
along the lines of force, but with a 
difference. For this, consider a 
helical spring. If it's axis represents 
the magnetic lines of force, then (he 
coiled wire of the spring would indi¬ 
cate the paih taken by the moving 
particle under the influence of the 
magnetic field. Further, the radius 
of the hclkal path of the moving 
particle would depend directly on its 
momentum and inversely on the 
strength of the magnetic field. So, 
parties with varied energies would 
have varied radii of helixes in a 
constant magnetic field strength, or 
vice versa. 

What would result, on the whole, 
of the above three features of the 
medium is as follows: Particles 
moving in helical orbits along magne¬ 
tic lines of forces would not collide 
with another one for considerable 
distances (nearly lOCk A.U.), and 
while conforming to the magnetic 
lines of forces would encounter 
'kinks*. There would then be 
interactions. To understand ihem» 
consider an analogy. 

Imagine (be spiralling particles as 
a spinning ball of the radius same 
as that of (he radius of the helica) 
orbit and the ‘kink* a spherical 
(approximately) rubber ring of the 
same order as the kink, if tbe size 
of tbe ball is substantially smaller 
than (he size of the ring, the ball 
would easily pass through the ring, 
i.e.. a particle would move along the 
magnetic lines overcoming a 'kink*. 
If the size of tiv ball 1$ substantially 
greater than the size of tltt ring, it 
may stretch tbe ring to its own size 
and pass out, but with a slight chan^ 
in direction because of Ibe interac¬ 
tion. Lcstly. if (he size of both 
are nearly the same, one of the fol¬ 
lowing phenomena may happen: 
either, because of the same size, the 

zu 


ball may get rebounded or reflects 
exactly opposite to its direction < 
incidence on (he ring, or, because tl 
ball may strike at one edge of tl 
ring, it may get deflected to ar 
an^e. The last phenomenon, i 
which a particle of orbital radius 
the same as (hat of (he kink's wou 
gel scattered in any direction, is ca 
led scattering by magnetic irreguk 
rity. So. the behaviour of partich 
not conforming to magnetic lines ( 
force are more or less dictated fc 
(he scattering component of ma] 
netic irregularities. 

Measurements of the magnet 
field a( various places in (he intei 
planetary space indicate many irn 
gularities in both direction and mat 
nitude of the magnetic fields. Th 
stream of particles (hat flo 
through the solar wind, therefon 
get ottered, or conform to (h 
magnetic field, in accordance wit 
the energies they had and the loo 
magnetic field strength. Folio win 
are the observations made aboi 
cosmic rays and other high energ 
particles in the interplanetary $pac 
{Scientific American. Sept-, 1975). 

Cs7smic rays. The intensity of th 
secondary products of (he rays undei 
goes a maxima and minima in 
regular cycle of eleven years. A 
hos been theorised, these rays are c 
galactic origin. The intensity i 
constant over periods of millions c 
years. Even in the interplanetar 
space which remains unaffected b 
the sun. the intensity does not var 
with the eleven year solar cych 
Further, their intensity on the eart 
reaches minima when solar cycl 
reaches maxima and vice verss 
In final analysis, this behaviour ca 
be expUised as follows. The sun' 
magneUc field, which is radiall 
outwards in a garden hose fashior 
acts as a barrier to the incoming parti 
cles because of the irregularitie 
present in it. When the solar acti 
viiies are at their peak, it is quk 
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obvious that magoetic fields are 
carried to greater distioces aod are 
relatively stronger. As a result, the 
total scattering component of niag> 
netic irregularities is radially out* 
ward from the sun. So when the 
cosmic rays stream in, they are scat¬ 
tered or one can say deflected. A 
major part, particularly of weak 
energies, does not reach the earth. 
On other occasions, during the 
various phases of solar activity the 
intensity of the rays varies accord¬ 
ingly. It has been observed that 
Lhe intensity of cosmic rays on earth 
St solar cycle maximum is half of 
what obtained when solar activity 
is at minimum. This factor is great¬ 
est at lower energies, and it is al¬ 
most negligible above 10^' cV 
(electron-volts) of radiation energy. 

Direct measurements carried by 
Pioneer spacecraft indicate that cos¬ 
mic ray intensity gradient, or the 
rate of change of cosmic ray inten¬ 
sity with distance, is zero between I 
10 K A.U., which, according to 
ihcoreiicians. should increase by 
t margin of 60% over the same dis¬ 
tance. This inaccuracy brings 
about another setback to the cal¬ 
culation of the probable distance of 
hcliopause from the sun. which is 
K A.U. It claims that this layer 
IS much far away from the sun. say, 
H hundred A.U. In a way. this 
supports Alfven's theory, who had 
long ago attributed the major inflow 
Iparticle of energy < 10** eV) of cos¬ 
mic rays to sources within the con¬ 
fines of the solar system. He clai¬ 
med that cosmic rays were, in fact, 
Ions of solar wind that have been 
accelerated to high energies by 
planetary magnetospheres. 

High energy parifcUs. Electrons. 

protons, nuclei of helium, carbon, 
nitrogen.oxygen, and heavier atoms 
emitted by the sun have been observ¬ 
ed. They have energy range between a 
few Ihouunds to hundreds of mil¬ 
lions electron volt. It occurs usually 


when the Sun spews out huge quanti¬ 
ties of energy in the surrounding 
space, the phertomenon known as 
solar flares. These particles, which 
were previously incorrectly called 
solar cosmic rays, are accetmted to 
high energies. The acctlcration is 
attributed to the collapse of mag¬ 
netic field at the site of the 
flare, i.e., it lakes place during the 
early ‘'flash'* phase of the solar flare. 
The particles then escape from the 
sun and diffuse outward while inter¬ 
acting with the scattering centres 
of the interplanetary medium. 
Intensity-time curves of fAst 
moving electrons and high energy 
protons are fairly smooth, hut those 
of lower energy protons and heavier 
ions arc highly complex. The 
reason for the former i> diffubion 
process in the intcrpbneiary mag¬ 
netic field, and lor the latter 
complex convective-centres, $hock 
waves and other discontinuities 
in the interplanetary medium 
Some energetk stilar pariklc events 
also take pUce. and some are 'O 
intense that they may prove 
hu/jrds for the future spate-mrssionv 
Eieetroniagnetic Hoiej. The ckc- 
tromagnelic waves produced by the 
sun, planetary atmospheres and 
sources outside the solar system are 
affected during their travel through 
the interplanetary space. 


T he concept of 'leap second* 
originated at a meeting of the 
Intemalioruil Radio Consultative 
Committee (Coroite Consultalif pour 
iDterAalional Radio, CCIR) of the 
International Committee of Weights 
and Measures (Comite International 
du Foids et Mrauras, CIPM) held in 


It is known that plasma is ioi 
ntatter: there are heavy ions ah«; 
which electrons (bound to ioi 
oscillate, with a frequency call 
plasma frequency. This frequen 
of oscillation depends upon t 
density of the electrons, a 
so the plasma frequency varies frv 
poini to point in accordance w 
the electrort density of the locrik 
When an electromagnetic wa 
strikes plasma with a frequen 
less than that of the plasn 
the plasma would absorb it; if 
frequency is greater tharv t 
pbsmi frequency of the locati' 
it would he propagated. In t 
vicinity of the earth. i 
plavmu frcquvnc) is her 

i.c.. the electiomagnciic wa 
comirtg from the suirotirtding spa 
below (Ills frequency would uot 
received by us. Moreover, the I* 
tor by which an electromagnetic wa 
would be propagated through i 
plasma would also depend upi 
electromagnetic wave frequency 
the higher the frequency I 
higher would he >he propagat*i 
factor. In olher words, the degr 
of Irunspjirency of the spitee beeorr 
higher with higher frequency, Abo 
100 million herl/ a traversing wave 
not at all affected by the inU 
planetary space. 

DttiP M. Sai. 


Geneva. Switzerland, in Februa 
1971. A new Co-ordinated Univer 
Time (Universal Temps Coordon 
UTC) was adopted by CC 
with efleci from January, 1972. 
the new UTC system, the duration 
A minute is changed from lime 
time by the International Ti 


The leap second 
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jreau (Bureau du Internatiorml 
iitipy BIT) to 6) or 59 seconds as 
iggested by CCfR in 1971. This is 
terpreled as leaping of a second in 
time scale. 

Just as our calendar does not gei 
ix of step with seasons because i.i* 
Idition of a <iay in leap >ear>. so 
so a leap second helps to mamiam 
e recorded time of a clock in 
lison with a mean solar day by 
rcasinnal addition to or deletion of 
leap second* from a day. The 
ility of a 'leap second* will be 
ident from the attempts to bridge 
e gap between solar lime and atu- 
ic time as elucidated in the fotlow' 
g paragraphs. 

In 1954. CIPM standardised'sec- 
td* as V5I 556 925.9747 the 
irt of the ifopkal year 1900. The 
(a I duration of a solar year remains 
actically the same, but (he dura- 
)n of a day changes due to polar 
otion. tidal friction of oceans artd 
me other uncertain factors, they 
nd to retard the spirt of the earth. 
It do not affect its orbital motion, 
mean solar day is found to increase 
' about 2.74 milliseconds per year 
letc tidal friction and other factors 
:e The Changing Time, S.R., Sep* 
mber. 1974, Letters). So the duration 
a second changes in consequence, 
lese considerations led CIPM to 
place in 1964 the above definition 
second by the following one. 
'The second is the period of dura- 
m of 9 192 631 770 vibrations of 
e transition frequency of caesium- 
om between the hyperhne lines of 
ground stale ((F*^4, m, *0 )-^ 
m 3, mt—0) when unperturbed by 
ternal fields." This is a 'second* 
;nifying an International System 
ysteme International. S.l.t of 
se unit of time. 

Atomic clocks arc based on (he 
e of extremely regular waves of 
ctromagnetic radiation due to the 
ove energy change (quantum (ran* 
ion) of cae$ium‘I33 atom; these 


wavcv are counted from irrdividual 
atoms when they are in phase with 
one anoiher. This clock is a combi¬ 
nation of an electronic clock and an 
atomic oscillator. The atomic (ime 
(1964 defini(ion) is apparently const¬ 
ant, while (he solar time (1954 defini¬ 
tion) is variable with advancing years. 

Astronomers and scientific workers 
always refer to a Universal Time 
(U.T.) which corresponds exactly 
with Greenwich Mean Time (GMT), 
the lime of reference at Greenwich. 
U.K. This UT is also used in air and 
sea navigation. Various observa* 
lories of the world record the UT 
which is found to differ slightly beca¬ 
use of (he pdar motion. The initial 
values of universal (ime obtained at 
these observatories are termed UTO. 
A correction is added for each obser¬ 
vatory to convert UTO to a common 
(ime UT|. An empirical correction 
due to slowing down of earth's spin 
changes UT^ to UT^. The latter, 
obtained from atomic clock, leaves 
us in a position of having (he clock 
rate not exactly commensurate with 
rhe length of a day. An UTC (Uni¬ 
verse! Temps Coordonne) was intro¬ 
duced from J960 in which the clock 
rare has been offset yearly from ato¬ 
mic lime. I’his offset changed yearly 
in iu value from I960 to 1971. and (he 
variation ranged from —1.5 to —3 
parts per Idt. Since this yearly 
change of UTC necessitated sclual 
changes in equipment and also 
interrupted sophisticated systems, 
CCIR recommended a new UTC 
system. 

Time is kept within about 1 /2 
second of UTf by resetting a clock 
on new UTC by exactly one second 
when necessary. Clocks obeying 



"Born (m Feb.29. .the counts her agi 
in terms of leap years. She is only 1* 
leap years old today." 

new UTC system are set once ever 
year. This is achieved by reset tin 
(he clock (normally, retarding it 
on a particular day by a discret 
second towards the last second o 
that day. This addition (or dele 
tion) of a second leads to the concep 
of 9 'leap second'. The occurrence 
of leap seconds, however, are no 
predictable in detail due to variou 
uncertainties. The day on which > 
leap second is introduced is finall; 
decided by BIT as need be. Thi 
infrequent change in adding (or dele 
ting) the last second of a day lead 
to a situation of having (he cloci 
rate not exactly commensurate witl 
the length of that day. BIT refer: 
to an International Atomic Tim< 
(Tempv Atomique Intentational 
TAI) based on the synchrooizet 
time of 50 highly accurate atomic 
clocks around the world. 

SUDHISH K. MuKHERJEI 
Department of Fhysici 
Jada vpur Universit) 
Caliutu 


Separation of isotopes using laser 
—single photon processes 

T he method of separation of eaHler (5.R., Aug. 19., 1975, p. 375)> 
isotopes using lasers, described in which one of the isotopes it prefe- 
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rentiafly excited by the absorptioo 
of photons from a laser and subse¬ 
quently ionized by photons from 
another source is now known as 
the (wo photon process. Two 
novel methods of separation using 
photons from a single User <sin^e 
photon processes) have been used 
recently. 

A molecule possesses energy due 
to vibration of the constituent atoms. 
These energy levels are aUo discrete 
like theenergy levels of electrons. The 
frequency of vibration in the diffe¬ 
rent modes depend upon the masses 
of (he constituent atoms. If there are 
two types of molecufes in which one 
of the constituents is a different iso¬ 
tope, their frequencies of vibration as 
well as the energy levels differ very 
slightly. This difference is usually 
small as compared to the spread in 
the frequency of radiattoo of photons 
from ordinary sources. Molecules 
can be dissociated (broken) into their 
constituents by the absorption ct 
photons of right energy. When ordi¬ 
nary radiation of the suitable energy 
is incident on the mixture both the 
species are dissociated. However^ by 
using lasers, it is now possible lo 
get photons with a frequency spread 
of less than one part in 10*^ With 
such a sourer of suitable energy one 
can preferentially dissociate one of 
the species on!) in the mixture. It 
has been reported in Physics Today. 
July 75, pp lS-20, that several light 
isotopes like those of sulphur, bo¬ 
ron, chlorine, etc., have been separa¬ 
ted by this process. Foreximf^, to 
enrich Chloriiie-35 the compound 
dichloro carbon sulphide (CSCI|) is 
used. Preparedwitb ordinary chlorine 
it contains the two species CSC\^ 
and CSCly*^ in the ratio 3U. Wlvn 
the mixture is irradiated with radia¬ 
tion from a continuous wave argon 
laser, whose emission at the wavelen¬ 
gth of 4657.corresponds to titt 
absorption peak for for a 

few hours, the proportion of the 


CF’ molecule gets reduced by 
5%. Likewise, when the same pitx- 
ture is irradiated with radiation 
from tunable dye laser at 4505.S^A 
the CSC\f** species gets dissocia¬ 
ted and in a few hours (he percentage 
of (he CSC1|*^ gets enriched by 
about the same amount. 

Another approach in the single 
photon process is photochemical in 
nature, in this, the molecules are 
not dissociated but are excited to 
a higher vibrational energy state m 
which they undergo chemical reac¬ 
tions more favourably than in the 
ground state. Using lasers one 
species of molecules in a mixture of 
like molecules, with different isoto¬ 
pic constituents, can be excited 
preferentially. They will therefore 


I N 1953, a mysterious ailmeni 
broke out amongst (he families 
of fishermen and workers in a plas¬ 
tics factory in Minamata, a sea coast 
town in the Japanese island. Kyushu. 
Forty people died, seventy were 
seriously disaMed and nineteen babies 
>vere born with congeniial defects. 
Six years later, the cause of this 
disease was identified as large amo- 
UQts of mercury compounds dischar¬ 
ged into (he Minamata Bay b) a 
plastics factory. The mercury com¬ 
pound contaminated the fish and 
shellfish and (he people who legularly 
ate such foods became diseased. 
Ten years later, a similar incident 
near an industrial plant at Nigata, 
Japan, caused the pCHsoning of 
twenty-six people out of which five 
died. Similar incideuts have also 
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participate in the chemical rcaclic 
more readily than the rest of il 
molecules aiding the separation, 
is reported ui Applied Optics, No 
1974 p 2506. that of the two spccii 
of methanols, CH^OH and C( 
OD (one with the ordinary h>drogt 
and (he other with heavy hydru^^ci 
the first species can be reauily ext 
ted using the hydrogen fluoride Ib» 
at 2.7 microns that falls in the absori 
(ion band of the OH bond. Tl 
excited compound readily reacts wii 
bromine and the products are easi 
separated leading to enrichment • 
the methanol with lieavy hydroge 

Prof. V. Srinivxs^ 

The Amerkoft Collei 
Madurai T.l 


been reported from Iraq. Pakista: 
Gautemala and Italy. 

News of Japanese incidents sprei 
to Scandanavia in the early sixtie 
and in 1965 the Swedish Oovcri 
ment raised alarm against the u: 
of mercury compounds in seed dre 
sings. Next year, their use as si 
micides in paper industry was ah 
banned. These countries, howeve 
continued to produce these chemica 
even allcr their sale was declart 
illegal in Scandanavia. These ch 
mica Is were sold widely in the 
CaiiAda and India. They, howeve 
represented a relatively minor sour 
of mercury pollution. 

Sourcca of mercury pollutiMt 

The world production of mereu 
is estimated it 9000 tonn 


Mercury pollutes 
environment 
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1 metric (on»)000 kf) per year. 
Dost of whkh comes from Spain, 
taly and the U.S.A. India unports 
bout 3000 tonnes of mercury every 
ear. most of whkh ultimately finds 
ts way into the environment. The 
irgest consumer of mercory m 
ndia are the chloralkali plants which 
nanufacture chlorine and caustic 
oda. They discharge approxj* 
nalely 1300 tonnes of mercury into 
he environment every year. This is 
far the largest source of mercury 
tolluiion. Paper and pulp plants 
vhich use mercurial slime control 
gents also discharge subsinniial 
mounts of mercury into the environ- 
nent. The emissions from such 
slants are partially responsible for 
he atmospheric contamination. The 
najor contribution, however, comes 
rom the combustion of coal. Large 
mounts of mercury are used in 
aints to prolong their shelMife. 
*he magnitude of pollution from 
his industry is not fully known. 

The major source of mercurial 
/atcr contamination is its tgricul- 
ural applications. Over 70 mer* 
ury compounds, known to have 
•een UKd to control seed-borne or 
oil'boine fungal diseases, get washed 
riih rain and irrigation waters and 
ollute the nation's waterways. Mer- 
urial water contamination is also 
aused by plastics factories using 
lercuric chloride as a catalyst. 

Mercury also finds sizable applica- 
lon In electrical equipment industry. 
Usually mercury is present in sealed 
witches and control devices which 
re safe as long as they are not bro- 
en. Mercury compounds are also 
jund in many other products such 
s floor waxes, furniture polishes, 
ibrtc softeners and even a very 
ell advertised face cream. All these 
{present potential health hazards. 

laaards of mercory poHotiott 

The relative stability of mercury 
d to a common belief that living 


organisms cannot metabolize the 
element mercury or its inorganic 
compounds to produce new substan¬ 
ces and. therefore, mercurial wastes 
can be safely dumped into the en¬ 
vironment without any efifecl on the 
biosphere. 

In the last decade, however. 
Swedish scientists discovered that 
bacteria could convert relatively 
harmless form of mercury into 
deadly methyl mercury. It was also 
discovered that the 0.03 ppb to 2.0 
ppb (parts per billion) mercury found 
in sea water can easily be concen¬ 
trated to 500 ppb by the lime tt rea¬ 
ches to a large fish. The mechanism 
of meihylation Is still under inves* 
tigation at the Swedish Air and 
Water Pollution Laboratory. How* 
ever, it ts now well established that 
living organisms can convert ele¬ 
mental mercury to both mono-methyl 
mercury (CHsHs*) and di^melhyl 
mercury (CH,H*CH,), The latter gets 
ionised at low pH to give rhe more 
deadly monomethyl form. 

Methyl mercury and other alkyl 
mercury compounds are highly toxic. 
These compounds are efficiently ab¬ 
sorbed into the body from the diges¬ 
tive tract and also (hiough the skin 
and lungs. Alkyl mercury com* 
pounds are partkutarly toxk to the 
nervous system aflecting sight, hear¬ 
ing .coord Inal ion and mental sharp¬ 
ness. The loxklty depends on both 
the quantity of mercury absorbed 
and (he site of its accumulation In the 
body. A dose as low as I mg to 2 
mg of mercury (as alkyl mercury) 
will produce poisoning symptoms in 
an average man. Some individuals 
may react at still lower dosages. 
Prenatal exposure produces symptoms 
similar to cerebral palsy (brain 
paralysis). Congeniully deformed 
babies may be produced even by 
smaller doses—as in the Minamata 
tragedy. A dose of 5 mg per day is 
lethal. 

Alkyl mercury compounds bind to 


proteins hamper their non 
biological activity. These compour 
also inhibit cell division a 
cause chromosome breakaj 
Chromosome breakage occi 
at doses too low to prodii 
overt symptoms in normal adul 
but has a distinct effect on unbo 
babies. 

Mwury baUd-up in food chain 

Mercury that escapes in the was 
waters from the various sources si 
ties down in the sediments of U\ 
and rivers. Marine phytopbnkt' 
organisms, such as unicellular algt 
seem to pick up mercury just 
having It slick to their surface 
Several commonly u»ed mercur 
fungicides produce sigjuricantredu 
tion in the photosynthesis of ph 
toplankton. e.g.. 0.5 ppm mercui 
ion concentration in wuier results 
50 reduction in photosynthesis 
the giant kelp. Macracyrtis pyri/fi 
The crabs accumulale more me 
curie chloride in (heir gills than hloo 
but the latterexcrcto it morcsiowl 
Other small organisms apparent 
ingest the metal. The bottom fee 
ing fishes eat upon the small org 
nims and are. In turn, eaten by (J 
larger game fishes. Mercury b 
comes Increasingly concentrati 
with each successive step in the foe 
chain and is highest in the gamefis 
This build-up in concentmtion mi 
be as high as 50(X) times. 

A similar build-up can occur 
(he food chain for birds, but on 
lesser scale. Experiments wii 
birds have shown u tendency to m 
thy late and accumulate mercury, bi 
the problem is not believed to be i 
serious as mercury pollution of t) 
aquatic and marine environments 

Mercury nfety staadarda 

The abso^tion and retention ( 
mercury vapours or dust by tli 
human body was recognised is 
definite health hazard centuries agt 
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•s early a& 1600. a.d. Opioions differ 
as to what concontraiions of vapour 
will make the air unsafe to breath. 
In California (U.S.A.) permisuble 
limit U 0.15 m|/cu.in. India has 
not set up any such standard so far. 
as the problem is not considered 
serious enough—except in mdusirial 
plants using mercury, where ade¬ 
quate precautions are apparently 
observed. 

The Food and Drug Administra¬ 
tion (U.S.A.) confiscates all foods 
with more than 0.5 ppm methyl 
mercury, as undesirable for even a 
single meal. Sweden has set 
higher permissible level as 1 ppm for 
mercury in the total diet, with a re¬ 
commendation that hsh be eaten 
only once a week. The Swedish 
National Institute of Health has 
recommended a standard of 0.2 
ppm with free fish co*asumption or 
Ippm with effective restriction on 
fish consumption. 

The U.S.A and U.S.S.R. have 
tentatively adopted a standard of 5 
ppb in drinking water. The stan¬ 
dard appears very stringent for 
Indian conditions, but some other 
standard is definitely called for. 

Japan has set a limit of 10 ppb for 
methyl mercury in industrial waste 
water. The Washington State 
Department of Ecology (U.S.A.) set 
a limit of 50 ppb in 1971. India has 
not set any standards in this regard, 
but a standard is urgently called for, 
particularly in view of the 1300-1400 
tones of mercury being discharged 
into our environment annualiy by 
our chloralkali industry. 

The problem of escaping mercury 
* however, can be solved. Japan and 
the U.S.A. have already b^un to 
operate merchry cell chloralkali 
plants without any mercury discharge 
into the waste water. In India, 
D.C.M. has introduced a 'diaphragm 
ceir which is both cheaper and pollu¬ 


tion free. But even tf all current 
sources of mercury pollution are stop¬ 
ped. the mercury already reached in 
the environment wilt remain a pro¬ 
blem for a long lime. Bacteria wifi 
continue to methylate this mercury 
and fishes will continue to concen¬ 
trate it. Imptemeniing adequate 
standards and safeguards at this 
stage will, however, substantially 


M ost people are familiar with 
the unicorn, the mythical ani¬ 
mal. traditionally resembling a 
small-statured horse which charac¬ 
teristically bore a single, straight and 
forward-pointing hom on the top 
of the head between the ears. Not 
ill arc aware though that this horn 
is called an 'alicorn*. For those who 
believe that the unicorn actually 
existed. Odell Shepard, author of i 
famous book on the subject, menifons 
that its original home was the Lost 


reduce the risk in the most affec 
areas. 
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Atlantis, and that it wac destroyed 
the floods I hat submerged the Atia r 
continent. 

In India there is a record tl 
Goddess Durga was depicted 
having a unicorn as her vchi 
instead of the present Hon. 1 
imaginary animal seemed to hi 
the body of the wild ass and (he hi 
of the Indian rhinoceros In Chi 
a unicorn is considered as an anin 
coming from heaven as an omen 
a bencficienr reign, or the birth 
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Alicorn or the horn of the unicorn 
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gresi inaa. Picturci of the unicorn 
t hung in the women's quarters of 
ikiions of Chinese houses in the 
)pe that they moy exert prenatal 
fluence and induce the birth of 
eat men. The Orienul unicorn is 
iaced on a higher level as an obiect 
^ reverence and embodiment of 
sodne&s and it exists for its own 
ike, and not merely for (he advan- 
ges obtained from its horn. In 
le western world, on the other hand, 
le importance of the unicorn was 
nmarily because of the much valued 
srn believed to have come from the 
limal. The alicorn is not smooth 
itside as it is covered witki regularly 
trailing shadow grooves and ridges 
hkh make it asymmetric. The fol- 
wing account relates to this handed* 
issdeflorrighOoflhaalkorn. Suffi- 
ent evidence is now available that 
t so-called honi of the unicorn » 
>thing but the tusk of the arctic 
hale, the narwhal (^Monodon motto- 
•ros). The peculiarity of this tusk 
IS in the fact that it is always shaped 
Le a le(t*banded screw. Even when 
e animal in very exceptional cases 
sisesscs two tuaks, strangely, both of 
cm show similar left-bartded gyre. 

he ■Iceti 

The legend of the unkorn ia 
Ktent. It is referred to in the Bible 
: several places. ]t also appears tn 
) aiKknt natural history book called 
le PhysMogus written by Ctesias. 
h mentioned in this book that the 
nicorn is a smalt but very fierce 
aimal, agile with one sharp horn on 
is forehMd and that no hunter is 
i>le to catch lum by force. The 
nkorn was alleged to be a male. The 
jnous virgin-capture story whkh 
fesias as well as many old authors 
le is that men lead a virgin to the 
lart of a forest where the unicorn 
/ti, and leave her there alone, 
lien the unkom sees her, it runs upto 
;r, puts Its head on her lap and later 
Ks to sleep (Pig. I). The hunters 
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who are watching from a distance 
advance silently, pounce on it and 
capture it. The belief in the existence 
of the unkom by the people of the 
middle ages was created by the 
western traders, missionaries and 
others who travelled to the Orient. 
Odell Shepard gives a vivid analysis, 
how the rhinoceros of India and the 
Far East, and the oryx of Arabia 
and N. Africa went to the making 
of (he image of the unicorn. For 
almost lilOO years people of Europe 
and England held the horn which 
was believed to be that of the unkom 
as an embodiment of majesty and a 
symbol of strength and power, 
strong enough to resist all evils such 
as diseases and poisons. Conse¬ 
quently. the hom became incredibly 
priceless. Shepard writes that in the 
15th and 16th centuries, a unicorn 
hom was worth ten times its weight 
in gold. This fabulous value was 
mainly due to the rarity of the hom. 
At that lime there were about a dozen 
famous boms kept io churches or 
monasteries or with the royalty. 
The most famous of the alicoros. 
as they were called, was the hom 
of Si. Denis, near Paris, which was 
2.10 in long aod weight 4.95 Kg. 


It is described as smooth all ovt 
and marked by bands runnio 
from end to end as on a sna 
shell. Though the spiral ridges hks 
been smoothed away, the grain < 
the ivory may still be seen to ru 
in clockwise spirals. Other faznoi 
alkoms are those which belonged t 
the Medicis, Pope Clement Vf 
Pope Julius III, Emperor Theodor 
Ivanoviich, the great 'Horn of Wintl 
sor* of Britain and a few others. 

ImportaBce of alkoru 
The hom fetched fabulous price 
even in the form of small pieces o 
powder as its prophylactk propenie 
were believed to be miraculous. / 
true alicorn wu considered an anti 
dote against poison and pestilentia 
fevers and also against bites of nuu 
dogs and stings of scorpions. Ii 
mediaeval feasts, an oflker of th 
household of a king or noble carrier 
the alicorn about the table, am 
touched (he food and drink befor 
the royal meal began. For lb 
ordinary man who could not aRbn 
the alicorn even in powder form, tb 
water commonly called *E8ii d 
tkome* was available. It was th 
water in which the alicorn wa 



d ipp ed. AdultentioB ind fiking of 
v&icom*i horn wu quite prevalent 
ID thoie days and, one could say, 
htimaa nature has been the same in 
every (dace and time. Faking was 
moetly done in the sale of (he pow¬ 
dered horn and in the fragments. 
Horai of other animals, stone-chipe 
and even stalactites were substituted. 

Hi ttie ‘'alicen** 

One lone voice that refuted the 
power of the alicom was (hat of 
Andrea Marini of Venice who wrote 
in the 16th century in bis book 
Dhcorso that the alkom was no 
better than other boms and it could 
not remove or deteci poisons, but 
his voice did not reach the masses 
to change the universal faith in the 
alicom. At the end of the 16th 
century, Ambroiie Pare, a physician 
in the court of Catherine de Medici 
showed the inetTeciiveness of the 
alicora by giving it to poisoned 
pigeons. In the 17(h century, Boe¬ 
thius de Boodt, Caspar Bartholinus 
and Ole Wurm asserted that the 
horn-stone {hp^iis ceratiies) which are 
sometimes petrified wood, had the 
same medicinal properties as the 
alicom. Ole Wurm. an emirwnt 
zoologist of Denmark in his Latin 
dissertation in 1638 described the 
alicom as the tusk of the sea animal 
narwhal, a small arctic whale. Wurm 
proved his point by exhibiting the 
cnnium of a narwhal with one huge 
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tooth at its side. As the traders 
in alicom in those days were his 
countrymen and though exploring the 
truth about the horn meant cutting 
the income to bis country, be held 
fast to his views. This scsentcfic 
revelation did very little to shake the 
blind superstition about (he alicom. 
People simply argued (hat if (here 
were a unicorn in the sea, there could 
be one on the land as well. The 
French Revolution swept ofT this 
blind belief. The lists of drugs issued 
by the English Royal Society of 
Physicians in which the alicom found 
an important place had dropped only 
in (he edition 1746. 

The adult male of these marine 
mammals is 3 to 5.5 m long and 
its sin^e tusk of pure ivory 
which grows from (he left side of its 
upper jaw is almost half the animil's 
body length, and always twisted 
left-handed (Fig. 2). In rare cases 
the narwhal develops another tusk 
on the right side whose grooves also 
show a lelt-hinded twist. In females, 
usually both teeth are short. Like 
the horns ar>d antlen of other 
animals, the tusks are connected with 
sexual selection. In the Hamburg 
museum one could see the oldest 
specimen of a narwhal, a pregnant 
female with two tusks, both approxi¬ 
mately 2.1 m long (Fig. 2). The 
animal was said to have been 
brought there in 1684. The 
composition of tbe tusk of the 
narwhal is tbe same as that of tbe 
elephant tusk. But its universal 
left-handed gyre (even when two 
tusks develop in an animal), conti¬ 
nues to puzzle scientists. A great 
English biologist, D*Arcy Wentworth 
Thompson, author o( the datsical 
On Growth and Form, gave the 
foUowing explanation: The narwhal 
tusk grows continuously from a 
Beshy pulp in the jaw, and this pulp 
imparts the one-tidad gyre to the 
tusk. The curious anomaly in this 
case is that when a narwhal has two 
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tusks, the twill ofeich is in the sa 
direction. Thus, they art uni 
all other paired spiral structures 
the biological kingdom which alw 
twist in opposite directions, < 
twin horns of cattle, double hun 
hair whorls, etc. 


Unicora—In emMeou and art 

On account of the value and 
rare powers attributed to the unicc 
this imaginary animal has b 
honoured by depicting it in m: 
Coat of Arms and emblems of gov< 
menu, institutions and organisaik 
in tapestries, as well a$, in works 
an. In the British Royal Coal 
Arms, the central shield is be 
supported by the English lion > 
the Scottish unicorn (Fig. 3). 
Scottish emblem has two unicoi 
No significance seems to have b 
attach^ to the handedness of 
gyre of tbe tusk. It is surprising t 
tbe unicorn in the two versi 
of tbe British Coat of Ai 
(printed on the same si 
of paper which was supplied 
tbe author) has its tusk twij 
clockwise in one and coufiler<lc 
wise in the other. Even in sc 
famed tapestries, the carelessi 
regarding the gyre of the alk 
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f the series of six tapestries in the 
luny Museum in Paris, litkd **The 
ady with the Unicorn*', in four (the 
mell, the Touch, the Taste and the 
>esire), the horn ts leA-handed as 
le tusk in narwhal, and in the rest 
he Sight and the Hearing), it ts 
ight‘handed. *The Hunt of the 
Jnicom' is another set of seven 
unous tapestries preserved at the 
lloislers. The Metropolitan Museum 
f Art in New York. The unicorn 
ppcars in all but the first tapestry. 
D the second, fourth and the seventh 
Fig. 4) tapestries, the horn of 
nicom is depicted with right-handed 
rooves. and in the fifth tapestry the 
yre is leA-handed. In the sixth 
ipcsiry. the unicorn appeals twice 
-as being killed, and as the dead 
being brought to (he castle, 
urpri-ingty. (he alicorn gyre is 
10 wi) dilVcu'nlly in the same animal 
I \h' iwv stages. Such an error 
[ iiKtuomion to detail nevertheless 
.curs even in scientihr publicafionv 
s ioi example, in volume 12, page 
'^5 of Wildii/t E/tcyrIopat'dio, a 
)lour photograph depicts two nar* 


carelessness of Che block-maker and 
inaccurate proof-reading, the picture 
appears reversed, resulting io a serious 
factual error on the handedness of 
the narwhal's tusk. 

The modem *aicom' 

Franklin Dove at the University of 
Maine succeeded in creating an 
artificial 'unicom' of an Ayrshire 
bull soon after its birth in 1933. 
When It grew up, this unique animal 


O UR body has some important 
endocrine glands which secrete 
organic substances called honnones. 
These glands via their secretory 
products play a vital role in regulating 
the metabolic activity of our body. 
Thymus is one such important gland 
but it differt from other cndocriae 
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was equipped with a sin^e la^ 
horn growing out of its forehee 
(Fig. 5). lliis was the hrst tin 
man has been successful 
producing an animal resemblii 
somewhat the legendary unicor 
Dove demonstrated that grafts • 
skin from the horn region, with * 
without the underlying bone, cou 
give rise to horns in ectopic location 
He made it possible to produce exti 
horns by surgically subdividing hoi 
buds and grafting the parts to sep 
rate regions of the head. CoDversel 
he fus^ the two born buds togeth 
in the middle of the frontal bone i 
as to develop into a single hom^ 
man-made alicorn. Somewh 
similar results with antlers we 
achieved by Zbigniew Jaezewski 
Poland. By culling off the growic 
tips of antler buds in fallow deer ac 
deer, and transplanting them i 
the middle of Che head between il 
eyes, be was able to create dei 
bearing three antlers each. Tl 
third antler also had the anou 
cycle of shedding and rcgeneratic 
as the normal ones. 

T. Antony Dav 
Pro/»in*cfiar^ 
Bl 0 ‘Science DivisU 
Indian Statistical /nstitu 
CaIcufta-7000; 


glands in that it develops and fury 
tioDS in our body only from bin 
to puberty. In the later stag 
thymus completely atrophies an 
ceases to function, whereas othc 
endocrine glands continue to functio 
from birth till death. A few yeai 
ago our knowledge of the functio 


Thymus plays a vital role in 

our body 
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»f the thynus gUnd we$ liroiled. 
>Dly recently we have come to know 
I lot about the functions of this 
inporta&t gland. 

This unique gland produces and 
tores for the body a special type of 
«lls called lymphocytes. Quite ama- 
:ing]y. the thymus completes its task 
It a very early stage or life. This 
>eculiar behaviour of the thymus has 
lUrprised immunologists. £vea ten 
/ears ago the principle function of 
his lymphoid organ was not known, 
dowever, now it is known that 
hymus controls the maturation and 
nain tens nee of a particular part of 
he lymphoid system which is res- 
Mnsible for cell^mediated immune* 
ogical reactions, i.e., immunological 
‘eactions that are mediated by lym* 
>hocytes and not by the antibody of 
he serum. 

Ktstorlcal developoieot 

The history of thymus dales back 
to 1^99 when an accurate picture of 
the gland was presented in relation 
to the funcuonal significance of 
thymus based on purely histological 
studies. It was not until the last 
decade that the contention that 
thymus was intimately involved with 
lymphopoiesis received experimental 
confirmation It was in 1961 that 
Jacques F.A.P. Miller, a young 
Australian cancer research worker 
at the Chester Beatty Research Insli- 
ture in London, took up the studies 
on neonatal thymectomy (removal of 
thymus after birth). He took great 
pains in taking out the whole thymus 
from anesthelired one day old mouse 
without doing other damages. The 
results were encouraging when be 
found that Ihymcctomized (thymus 
removed) mice had a greater capacity 
to retain skin homografu in compari¬ 
son to normal mice. Almost at (he 
same time Carlos Martinex of the 
University of Minnesota reported 
similar results. These observations 
together with many other findings 


came through as a turning point 
which set the stage for a better under¬ 
standing of the functional role of 
thymus. 

Location la tbe body 
Thymus is a large organ which in 
man comprises 0 .g% of the body 
weight at birth. In a child it looks 
like two roughly oval lobes that lie 
in the front of the chest just behind 
the top of the breast bone and in 
front of the aorta (Fig.l). It 
increases in size proportionately with 
the general growth of the body. At 
puberty it stops growing and then 
begins to atrophy. 7^is process of 
involution occurs in all animals 
including roan. In adults, ihe actual 
substance of the thymus is often 
difficult to distinguish from the fai 
in which it is embedded Chicken 
thymus is composed of 14 separate 
lobes, seven of which are strung out 
along each side of bird's neck. The 
chicken has another organ called 
Ihe Bursa of Fabricius which is 
active in the early life and later 
disai^ars. The Bursa seems to 
share with the chicken thymus some 
of the functions performed in the 
human by the thymus a'one. 

Strwtvc 

Microscopically thymus contains 


I wo difTerent /ones -the cortex ai 
the medulla. The cortex is dense 
packed wrih lymphocytes which she 
a high rale of mitosis and cell deal 
The medulla contains relatively few 
lymphocytes but the epilhelial ce 
are more prominent. There in t 
medulla are also myoid cells ai 
difiereniiated epithelial siructuj 
called Hassuli's corpuscles. Furthi 
more, cortex, rich in lymphocyt 
also contains high amount of Dh 
(Deoxyribonucleic acid). This is t 
reason why thymus is said to be i 
best source of DNA. 

Funclioas 

Thymus is a compound org 
consisting of both epithelial (enc 
crine) and lymphoid (immunologic 
component^ The main functions 
the gland are: 

1. Differentiation ofhaemopoie 
stem cells (immature bone marr 
cells)^ 

2. Induction of immunologj 
tolerance, 

3. Secretion of thymic hormo 
that regulate the process of differ 
tiation (maturation of (hymus deri 
lymphocytes), and 

4. Exerts effect on neuromuset 
transmission (information tran: 
from one nerve cell to the other). 

It is now realized that Ihe thyr 
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s necessary for the development 
>r celluler immunity, an impoi* 
ant body defence mechanism 
hal looks after the integrity and 
ecunty of the body. Thvmus is 
he primary source of lymphocytes 
n mammals, which when released 
Dto circulation aAer maturation, 
eItJe down in organs such as lymph 
lodes and spleen. 

■nnnotogical Ametioes 
Experiments on neomiial ihymee* 
omy in mice were found to produce 
mmunologicul impairmenu whkh 


revealed the immunological function 
of this ^and. The function of 
thymus in relation to immunity may 
be broadly stated as the production 
of thymus-derived cells (lymphocytes) 
which are called *T celts". ITtese 
T celb form a targe proportion of 
the pool of recirculating small lym¬ 
phocytes (there is a depletion of the 
circulating pool of small lymphocytes 
on ih>mectomy). The T cells have 
immunological specificity and are 
directly involved in cell-mediated 
immune response (e.g., hoDOgraft 
response) as "effector cells". It it to 


be noted that T cells themselves 
not form antibodies. Antibodies 
formed by cells directly derived fr 
the bone marrow, which do i 
come under the influence of thym: 
these cells are termed as **B cell 
A dose co-operation does exist b 
ween T and fi cells in recognisi 
certain antigens, as some of the 
cells require the presence of app 
priate reactive T cells. Pig. 
shows the circulation of lymphocy 
in the body. Stem cells arise in i 
bone marrow and reach the thyn 
via the blood stream. Within 1 
thymus, stem celb become diffen 
tiaied to iinmunologicully compeh 
T cells, emigmic to the blood stret 
and together with (he h cells circuh 
between the tissue lymphatics a 
the blood stream 

Eodocrinelo^eal functions 

Thymus secretes more than o 
hormone but in contrast to mt 
other endocrine glands the physi 
logical site of action of thyn 
hormone (8)is probably local, i.e., t 
hormone (s) acts on the cells dilTert 
liating within the thymus itself. T 
thymic hormone termed as "Thymt 
is presently being studied by Pr 
G. Goldstein of the New Univers: 
School of Medicine. It has be 
found to be busically charged t\ 
polypeptides with a molecular wei| 
of 7,0(KI. ThiK material has not ) 
been completely purified. 

The exact molecular mechanic 
of the differentia lion of bone marre 
stem ceils within (he thymus, und 
the influence of thymic hormone ( 
is not yet clear However, expe 
ments on thymic extract and thym 
implants (a fragment of the thym 
transplanted in the abdominal cavil 
have contributed a lot towards unde 
standing the total process of difl 
renliadoft as summarized in Fig. 3. 

More recently (1971), Abraha 
White and his associates at the ^ 
bert Einstein College of Medicine 
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New York h*ve *nd partially 

purified a soluble factor knows as 
**tbymosifi'*, from calf thymus which 
when given to normal siice increases 
the lymphocyte production. Thymo¬ 
sin aUo accelerates lymphoid tissue 
regeneration in mice exposed to 
w^lebody X-ray irradiation. In 
neonatal thymectomiied mice, thymo¬ 
sin restores immunological compe¬ 
tence of the spleen cells. 

Nearomoscolar funcdMi 
Our knowledge of theneurotnuscu* 
lar functions of the thymus has 
come from a rare human disease, 
Myasthenia gra¥is. a Latin name 
which means ^'severe weakness of 
K>me or all the muscles.** In the 
I930's this disease was treated 
by complete surgical removal of 
ihymus. Thymic abnormality was 
long recogni/cd to be associated 
with Myasthenia gravis. But despite 
sarly speculation chat the ihymus 
tecreted a substance which regulates 
neuromuscular transmission (infor¬ 
mation transfer from one neurone 
to the other), the experimental 
attempts to demonstrate such a 
substance are inconclusive. Fig. 4 
summarizes the neuromuscular func¬ 
tion of thymus Thymin. a poly- 
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peptide secreted normally by thymic 
epithelial cells, is secreted in excels 
in Auioim/mme thymitis (inflamma¬ 
tion of the thymus leading to an 
immunologicel diseased condition) 
and produces myasthenic neuromux 
cular block, i.e.. block of informa- 
lion transfer from one nerve cell to 
the other in Myauhenia gravis. A 
separate polypeptide termed, thymo- 
toxin, has been detected whkh causes, 
experimental myositis (experimentally 
induced inflammatory disease ot 
muscle) and may cause Myauhenia 
gravis. 

The measurement of the serum 
levels of these polypeptide hormones 


will have appliculKMi in relation 
the study of the fwuromu>ciilar ii;ii 
mission in addition m the ticaimc 
of this muMUlax disorder l urilu 
more, the isolation ol ihc thyn 
hormones will he of utmost im|K»i 
ante both from the thcorelicul stan 
point and also with respcci lo 
therapeutic utilization m inanipuh 
ing the immurte response in reliilic 
to human di^asc 

SANinr N. SiNi 
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Diet for athletes 


T he nature of diet hag a marked 
effect on the limiU of human per¬ 
formances. The reason for this is 
that some energy n required during 
exercise of the muscles and this energy 

233 


necessarily comes from diet. A m: 
weighing 70 kg consumes abo 
100 Kcal (kilo calorie, the unil 
energy measurement, which is de 
ned ai the amount of heat neoessa 
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) raise the temperature of 1 litre 
f water from iS’*C to 16*0 energy 
y walk a distance of 2 km. ObvK 
usly, the more his energy storage 
ae greater will be his abiixly to 
alk. Amounts of energy consumed 
uring some common sports is given 
i Table I. 

The question what an athlete 
lould preferably eat to improve his 
rtergy reserve and subsequently his 
erformance is as old as the history 
f organized sports itself. The 
ireeks in 5th century b.c. used 
> take meat in large quantities to 
lake up the supposed lots in mus* 
e lubsunces after sport events, 
ince then* different methods have 
ten in practice from time to time 
I increase one's performance in 
lorti. In I9ih century a-0.» 
rastic measures as fluid restrictions, 
ood letting and the use of laxa- 
b^es. were used by some sportsmen, 
bviously. these methods were far 
om being beneficial. With the 
scovery of vitamins and protein 
Hlets, It has been observed that 
icvr drugs and medicines have a 
mporary effect on the athlete, whe- 
iis a regular guod diet has a pro* 
iiged elfeci on body. 


able 1# Energy eoaeumed in some 
amon sports (base metabolic raleof 
sn U 0.S9 calorie per mlnate per 
uare metff of naiface area) 


ixwii Energy cortnuneO (in cab 

per niauie/rTwier’t 


oibell ).0l 

skeibaK 4.31 

wkme 

rmminc ^>06 

4f 2.76 

nziH 3. SO 

ble (enniH 2.U0 

dminii^A 1.91 

wing 4.00 

line I >30 

line 

K»n$ 5.on 

Ikini (ouidcor) 3.07 


Fnef for working mmeh 

If protein is used only to a oegli* 
giUe extent so long as the calorie 
supply is adequate, the choke for a 
fuel for the working muscle sutoma* 
tkally falls either on fat or on car* 
bohydfaie. Fat contains as much 
as 90% carbon and hydrogen and 
haa an energy density of 9 Kcal per 
gram, whereas carbohydrate coo* 
tains only 46% carbon and hydro* 
gen and has an energy density 4 Keel 
per gram. Moreover, carbohydrate 
is stored with a large quantity of 
water (in man\mals 2.7 gm per gm 
of dried glycogen). This reduces the 
energy density of glycogen to about 
I Kcat/gm^ whereas the caloric value 
of adipose tissue (which does not 
consist of pure fat) is 6 Kcal/go to 
7 Kcat/gm. Thus fat is a far better 
storage of energy. 

The migratory birds and Ashes 
(like eels and salmons) also have 
their energy for migration mainly 
stored in fat. This is purely an 
evolutionary adaptation bmuse the 
weight of carbohydrate (if stored as 
the source of energy) won't be 
sufficient to allow it to fly more than 
a few hours. 

However, most mammals, including 
man. depend on both fats and car* 
bohydrales for their muscle metabo* 
lism. Experiments with human sub* 
jeett have shown that in roan with a 
body weight of 75 kg (he available 
energy bound in adenosine triphos* 
phate (ATP) is about 1.2 Kcal. 
m creatine phosphate 3.6 Kcal, 
in glycogen 1200 Kcal and in fat 
about 50.000 Kcal. with aerobic 
energy as 15*20 Kcal per minute 
or room. 

Eaergy of working noMle 

In the fourth decade of this century, 
some classic experiments were made 
on the metabolism of muscles during 
physical work. The results of these 
experiments showed that fat supplied 
about 50%*60% of energy when the 
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subjects were fed on normal mixe 
diet and engaged inessenrialfy aen 
bic exercise bul when the work wi 
heavy the carbohydrate supplied t> 
greater part of the energy. 

Recent experiments on exercisin 
human muscle quadriceps femor 
by biopsy (biopsy—examination < 
living tissues; Ok: bios means lil 
and opsif means sight) techniqu 
shows that the energy for working c 
these muscles is supplied by the con 
bustion of glycogen. On a norms 
diet the quadriceps femoris muKl 
contains ^ycogen between 1.0 gr 
per 1(X) gm to 2.0 gm per 100 gr 
wet muscle (muscle weighing 100 gr 
including its water content). Ex peri 
menls aAer exercise of the musci 
show that the glycogen reserve dc 
creases to a level ofO.l gmper lOOgn 
wet muscle and the subject is eithe 
to st^ work or to slow down Ih 
speed to a rate at which the oxida 
tion of free fatty acid can generat 
the necessary energy (Fig. IX 

Many similar experiments sugges 
that the initial glycogen content o 
skeletal musde is of decisive imp^ 
tance for an individuars capacity U 
sustain prolonged heavy exercise 
This kd people to find out to whai 
extent the diet can modi^^ the glyco 
gen content of muscles. 

The results of another set of ex* 
periments done recently show that i 
sutg^ taking normal mixed diei 
accumulttci a glycogen content d 
1.75 gm per 100 gm wet musde and 
can wiibiiand a startdard workload 
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M)uiring an avenge of 75% of Ihe 
laximum oxygen uptake for 114 
linutes. When the subject spends 
tiree days on a very high fat and 
fotein rich diet, the glycogen con* 
entntion comes down to 0.6 gm 
er 100 gm wet muscle and the stan* 
ard workload can be performed 
niy for 60 minutes. However, if 
lie same subject is fed for three days 
n carbohydrate rich diet, the glyco* 
6fi content rises to 3.5 gm per 100 
m wet muscle and the standard 
workload can be tolerated for about 
70 minutes. But, the most pro* 
ounced elTect is obtained if (he gly* 
Dgcn content is first consumed by 
igorous prolonged exercise with a 
>w carbohydrate diet for three days 
nd then boosting it up by rich 
irbohydrete diet. In this way 
ie glycogen contents can be raised 
) 4 gm per 100 gm wet muscle 
nd heavy workload can be tolera¬ 
id for a much longer period. 
Therefore, in preparing stamina of 
mg duration the albelete should 
(haust all (he glycogen reserve in 
is muscles before a week of the event 
Y heavy exercise. Then, for next 
iree days he should take diet rich 
I protein and fat to keep the glyco* 
tn content low. In (he lut three 
r four days before the event he 
lould take carbohydrate*rich food 
> get best result. In fact this 
leasure has been taken by Olympic 
juads of many countries, moun* 
Joeers and even by army men for 
rolonged operation. However, the 
*eates( drawback with glycogen is 
I nigh water content. In mammals 
7 gm of water is stored with every 
am of glycogen stored, this means 
At when 700 gm glycogen is stored 
te weight of body water increases 

f 2 kg. 

faiateoaDce ot blood aagar level 
vbg axardse 

Though glycogen is the main 
lergy source, only the glycogen 


reserves of the working muscles are 
consumed. The ^ycogen reserves 
of liver remain unaffected. The 
liver conuins SO gm to 100 gm 
of glycogen which acts as a store 
of carbohydrate to mainuin the 
blood glucose level. It supplies 
glucose to the central nervous tissue 
which has no carbohydrate reserve of 
iu own. If this blood sugar enters 
the muscle cells during exercise it 
will be consumed at the expense of 
central nervous system causing a 
serious threat to the subject. 

With a blood sugar level of 100 
mg/100 ml and a blood volume of 
5 litres to 6 litres (average figures), 
the total glucose circulating in the 
blood is 5 gm to 6 gm. But as much 
u 3 gm of carbohydrate is lost during 
every minute of heavy exercise and 
in this way the blood glucose will 
last only for two minutes. But this is 
prevented by the system in two diffe* 
rent ways. 

Optimal diets 

Except in some cases like grow¬ 
ing children, pregnant women and 
some convalescent patients caloric 
intake should not exceed caloric 
expenditure. Moreover, we all 
know that a person's caloric require¬ 
ments vary according lo his physi¬ 
cal activity, but his need of nutrients 
is quite independent of his activities. 
That is why a sedentary person's 
(who is essentially a low calorie con¬ 
sumer) diet must contain more essen¬ 
tial nutrient per calorie than an ac¬ 
tive person's (high calorie consu- 



Fif. 2 . Tb* rtlelioAihla betw w n the lo< 
cstork tfiUkr taiA IW shM) 
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met). A^ such s diciery pattern wii 
a linear rclattonship between tl 
supply of calories and supply of mar 
nutrients (protein, culctum. vjiamin 
iron, cte.) should be developt 
(Fig. 2). 

Through ceiuurks human beinj 
have been used io a daily output < 
3000 Kcal or mo\x\ a choice th 
provides all nuirienis required. Ii 
deed, to supply all the nutrients n 
quired the caloric intake must exv^ 
2500 Kcal. In facl. our society h\ 
a large proportion of low-color 
cortsumers and (heir representatio 
in sports events is very low. , 
comparative chart of sportsmen froi 
different calorie cor»urT>er grou{ 
and the points obtained by them i 
Olympic games (1952) is given i 
Tabk 2. 

There are two basic ways in whic 
the nutritional status of low-calor> 
consumers can be improved. Firstly 
change in thek food habits, so thi 
(heir diet has a higher content c 
essential nutrient per calorii 


Table 2. Olympic (1952) partlc^tlen tad acUevemeuts of ^ortsmeu froii 

different caloric coaauDptioo group 


KcaJ per de> 
per head 

Foputafion n 
ndltioai 

hrticipaUQn 

Partidpatioo 

rale 

Potnl* 

1500-1999 

452 

40 

D.09 

610 

2000-2499 

749 

397 

0.53 

I7D9 

2300-2999 

12 

264 

3.24 

S936 

m^M99 

212 

969 

4.17 

29324 
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to misc the (cnperAlure of 1 litre 
of water from ITC to 16*0 energy 
to walk I distance of 2 km. Obvh 
ously, the more his energy storage 
the greater will be hU ability to 
walk. Amounts of energy consumed 
during some common sports is given 
in Table J. 

The quettion what an athlete 
should preferably eat to improve hii 
energy reserve and subsequently his 
performance is ms old as the history 
of organized sports itself. The 
Creeks in Sth century r.c. used 
to lake meat in large quantilies to 
make up the supposed loss in mus- 
cie substances after sport events. 
Since then' different methods have 
been in practice from time to time 
to increase one's performance in 
sporu. In 191h century A.P., 
drastic measures as fluid restrictions, 
blood letting and the use of laia* 
lives, were used by some sportsmen. 
Obviously, these methods were far 
from being beneficial. With the 
discovery of vitamins and protein 
Uhkis. it has been observed that 
il>cse drugs and medicines have a 
icmporar) eHeci on the athlete, whe* 
reas a regular good diet has a pro* 
longed effect on body. 


Table h Ijwrgy cenmmed la sooe 
common sports (baae metabolk rate of 
maa Is 0.59 calorie per nliule per 
square mein of surface area) 

Spoftt 

(iiurgy coAMimed <ia cal/ 
pet minuic^'melciO 

Fouttnll 

5.01 

Ra&kci ha^l 

4.SI 

Bowling 

4 06 

Summing 

6.06 

(ioir 

2.76 

Tent) PS 

3.50 

table lenms 

2.00 


1.91 

Roisrine 

4.00 

Ssilina 

1.30 

XiUina 

1 50 

itaxing 

5.00 

iValkint loijidoor) }.07 


Faet for vorkiig Made 
If protein is used only to a negli* 
gible extent so long as the calorie 
supply is adequate, (he choke for a 
fuel for the working muscle automa* 
lically falls either on fat or on car¬ 
bohydrate. Fat contains as much 
as 90% carbon and hydrogen and 
has an energy density of 9 KcaJ per 
gram, whereas carbohydrate con¬ 
tains only 46% carbon and hydro¬ 
gen and has an energy density 4 Keal 
per gram. Moreover, carbohydrate 
is stored with a large quantity of 
water (in mammiU 2.7 gm per gm 
of dried glycogen)* This reduces (he 
energy density of glycogen to about 
I Kcal/gm^ whereas (he caloric value 
of adipose tissue (which does not 
consist of pure fat) it 6 Kcal/gm to 
7 Kcal/gm. Thus fat Is a far better 
storage of energy. 

The migratory birds and fishes 
(like eels and salmons) also have 
their energy for migration mainly 
stored in fat. This is purely an 
evolutionary adaptation bMuse the 
weight of carbohydrate (if stored as 
(he source of energy) won't be 
sufheient to allow it to fly more than 
a few hours. 

However, most mammals, fncluding 
man. depend on both fats and car¬ 
bohydrates for their muscle metabo- 
Inm. Experiments with human sub¬ 
jects have shown lhai in man with a 
body weight of 7S kg the available 
energy bound in adenosine triphos¬ 
phate (ATP) is about 1.2 Kcal. 
in creatine phosphate 3.6 Kcal. 
in glycogen 1200 Kcal and in fat 
about 50,000 Kcal, with aerobic 
energy as 15-20 Kcal per minute 
or more. 

Energy of workl^ aoacle 

In (he fourth decade of this century, 
some classic experiments were rrwde 
on the metabolism of muscles during 
physical work. The results of these 
experimenu showed that fat supplied 
about 50%-60% of energy when the 
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5ubjeett were fed on normal mixed 
dirt and engaged in esienually aero¬ 
bic exercise but when the work was 
heavy the carbohydrate supplied the 
greater part of the energy. 

Recent experimenu on exercising 
human muscle quadriceps femoris 
by biopsy (biopsy -examination of 
living tissues; Ok: bics means life 
and cpsU means sight) technique 
shows that the energy for working of 
these muscles is supplied by the com¬ 
bustion of glycogen. On a normal 
diet the quadriceps femoris muscle 
contains glycogen between 1.0 gm 
per 100 gm to 2.0 gm per 100 gm 
wet musde (muscle weighing 100 gm 
including its water content). Experi¬ 
ments after exercise of (he muscle 
show that the glycogen reserve de¬ 
creases to a level ofO.I gmper 100gm 
wet muscle and the suited is either 
to stop work or to slow down the 
speed to a rate at which the oxida¬ 
tion of free fatty acid can generate 
the necessary energy (Fig. 1), 

Many similar experiments suggest 
(hat the initial glycogen content of 
skeletal muscle is of decisive Impoc- 
tance for an individtuTs capacity to 
sustain prolonged heavy exereue. 
This led people to flrwl out to what 
extent the diet can modify the glyco¬ 
gen coDieot of muscles. 

The results of another set of ex- 
perimeols dooe recently show that t 
subject taking normal mixed diet 
accumulates a glycogen content of 
1.75 gm per 100 gm wet muscle and 
can withstand a standard workload 
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tquiring an avenge of 75% of Che 
aaximum oaygen uptake for 114 
ninuies. When tbe sub^ spends 
hree days on a very high fat and 
)roCein rich diet, the glycogen con* 
^entration comes down to 0.6 gm 
Mr 100 gm wet muscle and the scan* 
lard workload can be performed 
>nly for 60 minutes. However, if 
he same subject is fed for three days 
>n carbohydrate rich diet, the glyco- 
leo content rises to J.5 gm per 100 
pn wet muscle and the standard 
vorkload can be tolerated for about 
70 minutes. But. the most pro- 
lounced effect is obtained if Che gly* 
ogen content is first consumed by 
igorous prolonged exercise with a 
Dw carbohydrate diet for three days 
nd then boosting it up by rich 
arbohydrate diet. In this way 
he glycogen contents can be raised 
0 4 gm per 100 gm wet muscle 
ind heavy workload ean be tolera* 
ed for a much longer period. 

Therefore, in preparing stamina of 
ong duration the athelete should 
xhaust all the glycogen reserve in 
lis muscles before a week of the event 
y heavy exercise. Then, for next 
hree days he should take diet rich 
0 protein and fat to keep the glyco* 
en content low. In the last three 
if four days before the event he 
hould lake carbohydrate*rich food 
0 get best result. In fact this 
measure has been taken by Olympic 
quads of many countries, moun- 
aineers and even by army men for 
folonged operation. However, (he 
reatest drawback with glycogen is 
\s high vrater content. In mammals 
.7 gm of water is scored with every 
ram of glycogen stored, this means 
liat when TOO gm glycogen is stored 
IM weight of body water increases 
y 2 kg. 

lilatenaftce of blood sogar level 
vlng exercise 

Though glycogen is the main 
nergy source, only the glycogen 


reserves of the working muscles are 
consumed. The gfyeogen reserves 
of liver remain unaffected. The 
liver conuids 50 gm to 100 gm 
of glycogen which acts as a store 
of carbohydrate to maintain the 
blood glucose level. It supplies 
glucose to the central nervous tissue 
which has no carbohydrate reserve of 
its own. If this blood sugar enters 
the muscle cells during exercise it 
will be consumed at the expense of 
central nervous system causing a 
serious threat to the subject. 

With a blood sugar level of 100 
mg/100 ml and a blood volume of 
5 litres to 6 litres (average figures), 
the total glucose circulating in the 
blood is 5 gm to 6 gm. But as much 
as 3 gm of carbohydrate is lost during 
every minute ol heavy exercise and 
in this way the blo^ glucose will 
last only for two minutes. But this is 
prevented by the system in two diffe¬ 
rent ways. 

Optiotal diets 

Except in some cases like grow* 
ing children, pregnant women and 
some convalescent patients caloric 
intake should not exceed caloric 
expenditure. Moreover, we all 
know (hat a person's caloric require* 
ments vary according to his physi¬ 
cal activity, but his need of nutrients 
is quite independent of his activities. 
That is why a sedentary person's 
(who is essentially a low caloric con* 
sumcr) diet must contain more essen¬ 
tial nutrient per calorie than an ac* 
live person's (high caloric consu* 
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mer). t>uch a dietury pattern with 
a linear relationship between the 
supply ofcalories and supply of many 
nutrients (protein, cakium. vitamins, 
iron, etc.) should he developed 
(Fig. 2). 

Through ceniu(ie» human beings 
have been used to a daily output of 



Kcai or more, a choice that 


provides all nutrients required. In* 
deed, lo supply ill the nutrients re¬ 
quired the calork intake must ex'.^d 
2500 Kcal. In fact, our society has 
■ large proportion of low<alorie 
consumers and their representation 
in sport) events is very low. A 
comparative chan of sportsmen from 
differeni calorie consumer groups 
and the points obtained by them in 
Olympic games (1952) is given in 
Table 2. 


There are two basic ways in which 
the nutritional status of low*calorie 
consumers can be improved. Firstly, 
change in their food habits, so that 
(heir diet has a higher content of 
essential nutrient per calorie. 


Table 2. Olympic (1952) parti dpatkm and acbkveoeats of spoHsmea from 

diflereat calorie fomamption g roup 


Kcat perdi) 
per had 

Population it 
nHilieni 

Participation 

Panicipatkm 

rile 

PoiMs 

1500*1999 

432 

40 

0.09 

610 

3000-2499 

749 

397 

0.53 

S709 

2300*2999 

12 

264 

3.24 

5936 

3000-3499 

132 

969 

4.17 

29324 
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Secondly, low*calorie consumers 
should be changed into high calorie 
consumers by persuading them to 
take part in regular physical 
exercises. 

The athlete^ are high energy 
consume IT. They should have a 


surplus of all outhenu including 
proteins. So, except for a few days 
Ijomedtaiely before an endurance 
event, (1^ should stick to normal 
meals. 

AMriAftH Hoxe 


Liver detoxicates drugs 


W E inhale, ingest and come in 
contact with a variety of chemi¬ 
cals in our day to day life. In the 
process we not only enjoy the giHs 
of nature in the form of oxygen, 
water and food but are also exposed 
to undesirable products—result of 
human activities—the pollutants irt 
air, water and food, deliberately in¬ 
troduced adulterants, food additi¬ 
ves. drugs, tobacco smoke and ac¬ 
cidental poisons. However, to deal 
with many of these chemicals (exoge¬ 
nous) and those harmful substan¬ 
ces formed within the body 
(endogenous) there are built-in 
mechanisms in the body to help 
body resist the harmful efleets or 
metabolise these substances into 
harmless ones and excrete them 
through excretory system of the body. 
The role of liver in such deioxifica- 
tioR activities is the foremost. 

Fanctioos 

Xiver is the largest body organ 
Inbout three pounds) with many and 
diverse functions, Primarily it acts 
as a depot to receive all that has 
been absorbed by the intestine, the 
absorbed substances reach liver 
through the portal vein which ra¬ 
mifies and distributes portal blood 
to liver cells In liver cells nutrients 
and other foreign substartces are me¬ 
tabolised. Some substances are first 
stored in the liver and then released 


on need. For example, amino- 
icids are converted into proteins and 
other nitrogenous compounds; glu¬ 
cose is converted into glycogen 
which can be converted back into 
glucose, and rekased as and when 
required. Drup and other subs¬ 
tances are transformed or converted 
into harmless substances and ex¬ 
creted out. The mechanism of this 
biotransformation assumes much 
significance in medicine and toxi¬ 
cology. 

BfotraMformailM ia Uw 

Liver is the only organ m the 
body where maximum number of 
chemical reactions takes place. How¬ 
ever, biotransformalions of certiio 
drugs or substances may also occur 
in other body tissues and organs such 
as intestine, kidney and skin. 

In general, biotransfonnations of 
drup and other foreign substances 
in liver involve several remarimble 
enzyme systems that can metabolise a 
wide variety of structurally unrela¬ 
ted drugs, toxic agents, and environ¬ 
mental pollutants which enter (he 
body by ingestion, inhalation or 
skin absorption, mainly through the 
former. 

Eazyse systcais 

The enzyme systems for biotrans- 
formaiion are built into the mem¬ 
branes of endoplasmic retkulum 

pg 


(ERC) of the liver cells. This reti' 
culum, constituted of a network ol 
interconnected channels, is of twe 
types : rough and smooth. The 
smooth surface ERC is devoid ol 
ribosomes whereas the rough sur* 
face ERC is studded with nbosomet 
on its surfaces. In liver, both ty¬ 
pes of ERC, smooth and rough, 
assemble the enzymatic complexes 
req ui red for tniuTortaa tion of forelgs 
su^iancei. T^iey serve as the site 
for those biotransfonnations. 

Drugs and other foreign chemicals 
in the liver undergo reactions of oxi¬ 
dation. reduction, hydrolysis and 
conjugation. A majority of bio- 
Iransformaiioos essentially involve 
conversion of lipophilic or fat soluble 
compounds into hydrophilic or water 
soluble compounds. The latter are 
rapidly removed from (he blood by 
(he kidney. 

The ox Idaho n reactions account 
for most of the conversions. Reduc¬ 
tion and hydrolyses are also cataly¬ 
sed by liver enzymes but these reac¬ 
tions are less common than oxida¬ 
tion. Conjugation takes place by 
combination of the compound with 
a natural constituent of the body 
such as the glucose derivative glu¬ 
curonic acid, the amino acid glycine 
or the tripeptide glutathione. These 
natural apnts combine with the 
carboxyl (COOH). sulphydryl (SH), 
amino (NH|) or hydroxy] (OH) 
groups of compounds (to be con- 
Jupled) in the presence of the ap¬ 
propriate enzyme {Scient^c Ameri- 
catty June 1975). The coi^juplion 
takes place; (i) to render the 
compound or drug pharmacologi¬ 
cally or biologicatly inactive, and 
(ii) as a secondary step (after the 
usual processes of oxidation, re¬ 
duction. or hydrolysis) for excretion 
of such compounds. 

Howard. S. Mason of the Univer¬ 
sity of Oregon Medical School in 
1957 ^pojed a clau of NADPH 
(Nicotinamide adenine dinuckodde 
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pho&phate—reduwd) depeadent oxy- 
gen requiring tnzymt complexes, 
*'mixed function oxidjues.*' The key 
enzyme of this system is cytochrome 
P-4S0 (cyt. P-450), Dimed so beciuse 
in the reduced form it binds cirbon 
monoxide (CO) lod then Absorbs li^t 
most intensely ic A wivelength of 
450 ninometen. The Amplitude of 
the ibsorbince peek is Also the basis 
of (tsquADtititive measurement. Cyt 
P'450 is the terminal oxidase of the 
system, i.e.. it accepts electrons pas¬ 
sed on along several intermediates. 
It then binds oxygen and deliven it 
to oxidise its substrate and usually 
produce water. 

Drag therapy 

]f a drug somehow could stay in 
the body uochisged it would conti¬ 
nue to act indefinitely. But drugs are 
metabolised by the liver and conver¬ 
ted into inactive substances and ex¬ 
creted out of the body. Bio-cenver- 
sion of drugs does not take place 
in one but in several steps; with each 
blood circulation a part of the drug 
is converted whereu the rest is Un 
unaltered. The active form of tlie 
drug (unconverted drug) in the mean¬ 
while acts on the target orpn or 
tissue to bring about the desired 
cfTcci. So belore prescribing a dose 
it is desirable to lake into account 
the rale of metabolism of the drug 
by liver and make sure that enough 
of it will persist in the desired con¬ 
centration during the required period 
cf therapy. 

Age 

Human foetus and newborn in¬ 
fants are specially more sensitive to 
certain drugs. The sensitivity is 
mainly due to inefficient drug meta¬ 
bolism. The capacity to oxide and 
conjugate drug increases with age 
and varies from species to specks 
depending on the drug, ft is well 
known that barbiturates or morphine 
given to a woman during child birth 


may lead to tissue saturation of the 
infant with these drugs causing 
respiratory depression artd even 
death. Antibiotic therapy is gene¬ 
rally not advisable to infants. Ad¬ 
ministration of the anti^iic chlo¬ 
ramphenicol soon leads to "grey 
baby syndrome’': the symptoms are 
•abdominal distention, respiratory 
difficulty, cyanosis (blue skin colour 
as a result of insufficient oxygenation 
of the blood) and shock. 

Individoal variation 
The rale of drug metabolism va¬ 
ries in difTerent species as well as in 
individuals of the same specks. 
In some paiknu a drug may be me¬ 
tabolised so rapidly that it becomes 
difficult to acbkve therapeutically 
effective blood and tissue levels in 
them. On the other hand, some 
individuals metabolise drugs so 
showing that they suffer from loxk 
effects. Asa result, it is sometimes 
difficult for a physkian to prescribe 
a safe and chcrapeuUcaliy effective 
dose to his patients. 

Drag iotercctioB 
The action of even the mc»st com¬ 
monly used drugs at the cellular and 
molecular kvels is not well under¬ 
stood. And when many drugs are 
given at a lime it becomes difficult to 
know which drug is causing adverse 
effecu. So meti mes in hi bitory actio n 
of these drugs on drug metabolizing 
enzymes cr the chemical interactions 
among the drugs lUcIf may lead to 
unpredictable and often undesirable 
effects. 

PoIIuUdIs affect drag therapy 
Many environmental pollutants are 
known to induce or inhibit the mkro- 
soma) enzyme system in liver or 
other body tissues DDT and other 
inscetkides such as chlordane, aid- 
rin, and dieldrin ir.uucc microsomal 
enzymes. DOT ^ also tc 

act (synergesticaM)^ u!:h v»mc drog.s 
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to induce the microsomal enzymes 
synthesis. The polychlorinated bi¬ 
phenyls (PCB's) used in lubricants, 
insulators, plasdcizers (for paints), 
plastic compound and mkroscope 
lens immersion oil are known to in¬ 
duce microsomal enzymes. All these 
inducers of microsomal enzymes 
may therefore affect drug therapy. 
A small quirttity of DDT in human 
(10 to 15 micrograms per gram offal) 
is enough to metabolize pentobarbi¬ 
tal and reduce its hypnotic effects. 
Similarly, other environmental pollu¬ 
tants mLy induce the drug metabo¬ 
lising system and render either drug 
therapy ineffective or lead to ad¬ 
verse drug reactions. 

The heavy metaU such as lead and 
mercury inhibit the microsomal 
enzymes and adversely affect drug 
metabolism. The inhibitory action 
of heavy metals, though otherwise 
important for general population 
exposed to various metals in the 
polluted air. water and food, is grave 
for those who are occupationally ex¬ 
posed to fairly high concentrations of 
such metals in mining and industries. 
The effects of industriai toxins on the 
drug metabolizing enzyme systems of 
the workers, exposed to varied toxins 
in various industries, are not yet 
understood. Patients with a history 
of occupational exposua to any class 
of industrial toxins, therefore, need 
to be cautiously dealt with by the 
physkian while prescribing a drug. 

Zaka Imam 


Electrical events in 
the origin of 
heart beats 

T he fact that vertebrate heart 
has a built-in device to regulate 
its own beating pattern was known 
even to the Alexandiian anatomist, 
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Erasistratus. (a tKe third century 
a.C. In 1882. English physiologist, 
Sydney Ringer, showed that the 
heart of frog, ff coniinuously washed 
withe solution contaiaing said of 
sodium, potassium and calcium, 
and glucose, continued to beat even 
when removed from the body. . What 
causes the heart to beat so precisely 
104,000 times a day (in man), 
2.200,000,000 *ime$ during a life* 
time of 60 years, and pumping nearly 
3^5.000 tom of blood! 

The inherent power of rhythmic 
contraction of heart resides in a 
barely discernible area of specialized 
cardiac tissue in the wall of right 
au rt< le. c a I led i he si nu*auric u la r node. 
Another mass of specialized ^ells h 
situated in the right posterior por* 
tion of irtierventricular septum, and 
is called ,is a uric ulo* ventricular node. 
Together. <hete may be railed as 
'pucemukers' of the heart, for they 
^t the pace at which the heart beats. 
Heart ix innervated by nerve 
:cmpoflCiits from auionomic nervous 
system which can modify the heart 
beat, and by the vagus rterve 
whese stimulation inhibits the heart 
>eut. Howcvci, the pacemakers do 



That explains why \ fktl tkctnftt6 
I Afflrr whtn / meer you." 


not depend upon the nerves for tbeir 
acuvity. 

The wave of eacitation is initiated 
in the sinu'surkular node and while 
spreading through the wall of atria 
stimulates the auriculo>ventricultr 
node. From auriculo-veDtricuLir 
Acde ibe wave of excitation passes to 
the bundle of His and Purkinje fibres 
causing ventricular contraction. How 
the wave of elicitation originates in 
the sinu-auricular node? The phy* 
siological role of sodium, potassium 
and the calcium ions soon becomes 
apparent in generating an electrical 
impulse in the crIU of sinu-iuricultr 
node. Ai rest, the pacemaker cells 
are said to be polarised, i.e, the inside 
is negative with respect to outside 
which is positive. This is due to 
the predominance of sodium ions 
outside the cells which outnumber the 
potauium ions inside the cells of 
pacemakers. The poiemial diffw 
rence is about 1/10 volt. The plasma 
membrane of pacemaker cells is par* 
tly permeable to the sodium ions so 
that these ions cominuously inhUniie 
the cells wiih a resuliant decrease tn 
the potential difTerence between out¬ 
side and insideof the cell. When the 
potential difference is reduced to 
about l/600th of a volt, the sodium 
ions rush in quickly while some of 
the poussium ions escape outside. 
This leads to a reversal of electrical 
charges on the two sides of the mem¬ 
brane of pacemaker cell so that the 
inside rK>w becomes positive with 
respect to outside. This sudden 
depolarisation is the origin of elec¬ 
trical spark which triggers similar 
events in the adjacent cells and 
the consequent wave of excitation. 
Ihe depolahsed cells soon repolarise 
by becoming negative in^e and 
positive outside the plasma mem¬ 
brane. This is achie^ by pump¬ 
ing out the sodium ions which had 
inhUmied earlier. Since, the sodium 
concentration is already higher out¬ 
side the cells, they have to be acii- 


vefy transported with expenditure 
of eoergy supplied by ATP. This it 
why the cardiac tissue has a high de¬ 
mand for oxygen and the nutrient 
glucose for regeMration of ATP to 
sustain the activity. The electrical 
impulse generated, spreeds to ad¬ 
jacent cells by a kind of relay sys¬ 
tem so that the intensity of impulse 
docs not decrease with the disunce 
travelled. When the electrical im¬ 
pulse reachesthecardiac muscle fibre, 
It triggers the breakdown of ATP and 
coniraction of the fibres. A con¬ 
certed efTori causes the rhythmic 
contraction of (he auricles and then 
of the ventricles The impulse is 
delayed for a moment before excit¬ 
ing the a uric ulo* ventricular node, so 
that the auricubr contraction is com¬ 
plete prior to the commencement of 
the ventricular contrac'icn. Such 
electrical events occurring in the 
heart can be recorded on u paper, 
electrocardiogram, which reflects (he 
activity of the various parts cf the 
heart and thus a\K in diagnosis of 
diffcrfiu heart ailments. 

The rate at which electrical sparks 
are discharged depends upon (wo 
factois; (1) rate of infiltration of 
sodium ions into pacemaker cells, and 
(2) *hc extent to which Ihe potential 
difierence must be reduced to faci- 
1 its re depolarisation. The per¬ 
meability of cell membrane to 
sodium ions is affected by tempera¬ 
ture. It increases with rise in tem¬ 
perature and decreases when the 
temperature is lowered. A faster 
rate of heart beai in fever is attri¬ 
butable to this characteristic of the 
pacemaker cells. The egleium ions 
are critical tor the stability of the 
cell membrane and too many of 
them slow the rate of discharges. 
The heart is slowed by stimulation 
of the vagus nerve. The underlying 
mechanism ii that the acetylcholine, 
which U released at the synapse in 
the vagus nerve, increases the per¬ 
meability of cell membrane to the 
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>o(aAium ions so that they pass into 
he cell increasing their negativity» 
lyperpolarUation. Under such con- 
litiORS. the time between two succes¬ 
sive depolarisations would be longer 
iftd consequently the rate of heart 
)eat slower. 

Lack of coordination between the 
;wo pacemakers leads to fibrillation. 
Fhis is characterised by several 
Saulses travelling in different 
Ihections causing arrgythmiccontrac- 
ions of different areas of tnyocar- 
iium. The fibrillation of atria is com* 
pkUhk with life but that of ventricles 
:i usually fatal» because of lack of 
synchrony not enough preesure is 
ieveloped to pump the blood. Flb- 

MIL tfH 


rillation may be caused due to lack cf 
oxygen, mechaoical stimulation of 
heart, or strong electrical currant 
passing through the heart. 

t 

In the event of the built-in pace¬ 
maker going out of order, the arti¬ 
ficial pacecEiakers may be installed. 
These are designed to send impulses 
to the heart at a preset rate. But, 
unlike natural pacemakers, arti¬ 
ficial pacemakers fail to respond to 
bodily needs where an alteration in 
the rate of heart heat is raquired 

T.S- OiU. 
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Body fatigue 

F ATIGUC results from strenuous 
ai^ continuous muscular 
activity and activity of the nervous 
system (menul work). Frequently, 
both types—mu uulir and mental- 
combine to cause fatigue. The 
consequence ti diminished capacity 
for work. In muKular exercise 
fatigue is due to accumulation of 
metabolic products, the depletion or 
non-availability of energy yielding 
suhsunces and other muscular, 
rtspiratofy and circulatory pheno¬ 
mena. Physical fatigue is of great 
importance to a physiologist. Accu¬ 
mulation of end products of meta¬ 
bolism becomes a hindrance to vital 
exchanges of the body like lactic acid, 
carbon dioxide, acid phosphates and 
lack of oxygen. Alio, an alteration 
of the physico-chemical slate causes 
fatigue, like chloride losses, axcouive 
sweating, dehydration gastric hyper¬ 
acidity. acidosia. exhaustion mu^ 
oular and gastrointestiiml cramps. 
Diaturbancet of homeostasis (main- 
tenaoce o( internal body environ¬ 
ment) cause fatigue. Exteraal factwi 
responsible for fatigue are deficient 
muscle nutrition and lesisUDce to 
emotional diaturbancei. 

Mental fatigue may be due to 
anxiety, nervous tension, mono¬ 
tony of the task, noise, vibrations 
and lack of adequate rest periods. 
The difTereat teats of fatigue arc: 
(1) muscle fiber, (1) motor nerve and 
plate in the muscle, (3) motor nerve 
fiber, (4) synapses (contacts where 
the long processes of the nerves end 
in branches which interact with the 
branches of other nerve cells. These 
contacts permit impulse transmis¬ 
sion) within the nerve ganglis (outside 
the central nervous system are found 
collections of nerve cells known as 
ganglia) and the central nervous sys¬ 
tem. (5) the nerve cell body, and (6) the 
efiecton-muscles. The different signs 
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of fatigue are: decreased capacity for 
doing effective work, feeling of tired¬ 
ness, tired feeling in beud, obscure 
and poorly localised pains in the back 
of the head, pain and soreness in 
the muscles, siiifness in the joints 
and swelling of the hands and feet. 
Arithmetical calculations are slowed 
and inaccurate. 

The onset of rest can chiinge from 
one moment to another. This de¬ 
pends upon the physiological condi¬ 
tion of the individual. The change 
takes place in the whole urea so that 
the relative capability to rest of Us 
diflereni par^s remains unchanged. 
However, this rdiuive capacity may 
be disturbed by "local fatigue’ at 
a point that has been continually 
Kl•mulaled. The threshold of the 
rest increases gradually, and the sti- 
rnulus becomer less than minimal. 
Local fatigue disappears after a few 
minutes rest. Continued repetitive 
ilimuliiion for a long lime is fol¬ 
lowed after a time by a progressive 
decrease in the capacity of the mu^ 
cle to contract. After a period of 
rest, the muscle recovers its capacity 
to respond. Jn other words it con¬ 
tracts .This may be d ue to the fail urt 
of (a) passage of impulse from nerve 
to muKlc fiber known as transmission 
fatigue or, (b) the contractile mecha¬ 
nism—contraction fatigue. Trans¬ 
mission fatigue is produced by pro* 
longed stimulation of the motor nerve 
(nerve going from centre to the mus¬ 
cle) al a sufficiently high ^re^uency 
(60/sec). At this time direct stimu- * 
laiion shows that there is no loss in 
tlie capacity of the muscle to contract 
or to respond to a stimulus, even 
when its response to nerve stimula¬ 
tion is considerably reduced. In 
this fatigue the acetylcholine (a che- 
mlcul released at the end of a nerve) 
output/impuisc decreases, and the 
response is improved by acetylcho¬ 
line or cholinesterase (enzyme) anta¬ 
gonists If the frequency uf the $ii« 
mulniion is low (less than 30/$ec), 


there will be no transmission fatigue 
and the progressive fall in the mecha¬ 
nical response (contraction) will be 
due to contmclioQ fatigue. In this 
type of fatigue the contraction time 
of muscle increases. ReUxalion lime 
becomes slower and less complete 
as the fatigue progresses. The eateni 
of an isotMiic contraction decreases 
because shortening of muscle is pro¬ 
gressively reduced and the relauticn 
is incomplete. An isotonk contrac¬ 
tion is one when a muscle changes in 
length under a constant tension. 
Here the muscle is firmly fixed/atla- 
ched lo one end and the other end 
of the muscle is free to move; run¬ 
ning or lifting is of this type. Here 
the muscle contracts and does the 
work. U the load on the muscle is 
increased, fatigue develops more 
rapidly. Conversion of chemical 
energy into tension becomes less 
efficient. Metabolic producu tike 
lactic acid accumulate and their re¬ 
moval from the body hastens the re¬ 
covery. Energy producing substan¬ 
ces like glycogen decrease and fati¬ 
gue occurs very rapidly. As such the 
recovery processes are delayed and 
inhibited. A comt^tely fatigued 
, muscle goes into contracture (fati¬ 
gue cramp). In maximal voluntary 
eflbrt of the body as In running, the 
su(^y of caygen is the factor which 
limits the performance (for example. 
the running activity). Fatigue re¬ 
sults due to failure of muscle to 
contract (contraction fatigue. Maxi¬ 
mal voluntary contractions of a single 
small muscle (adductor of the thumb) 
are also limited by the blood supply. 
Fatigue does not seem to be caused 
by failure of neuromuscular Irens- 
mission (transfer impulse from 
nerve to muscle) because there is no 
change in action potentials (cleclri- 
cal changes) evoked by maximal 
electric shocks given lo the nerves. 

In steady prolonged exercise, fati¬ 
gue is due to t number of ill-under¬ 
stood factors. In the main it is 


attributed to changes in the brair 
resulting from slight anoxia (want oj 
oxygen) and increased hydrogen ior 
concern ration. Afferent impulsei 
(which send the information to the 
centre-brain) set up in the active 
muscles (in pan perhaps by the local 
physico-chemical changes) give rise 
to discomfort and contribute to (he 
sense of weariness. Some of (he 
stiffness may be due lo the swelling 
of the muscle from accumulation of 
(he fluid which has oozed out from 
blood Ttesumably in this case 
fatigue occurs owing to changes in 
(lie muM^Ira induced by (I) anoxia, 
(2) accumulation of metabolites. 
Both these changes are offset by 
blood flow, but therr are mecha¬ 
nical problems in maintaining 
blood flow during sustained con¬ 
traction. Thh ii because of the 
rise in intramuscular tension which 
tends to prevent passage of Mood. 

High frequency siimululion for a 
suflkienlly long time provokes signs 
of fatigisc in nerves, velocity lo con¬ 
duct nerve impulse decreases and ihe 
refractory period (time when a nerve 
does not respond to a slimulus) 
increases Fatigue develops simul¬ 
taneously along the whole length of 
the nerve, and recovery takes place 
at the same rate all along the whole 
length of Ihf nerve A certain deg¬ 
ree of recovery can take place in 
condition of anoxia, but in the ab¬ 
sence of oxygen fatigue develops 
more rapidly. 

Adrenaline, a chemical-hormone 
released at certain nerve endings, 
accelerates recovery after fatigue and 
increases the (witch tension of non- 
faiigised striated (skeletal) muscle. 
This effhet is associated with an in- 
crease In resting potential and a dec¬ 
rease in the rate of potassium loss 
from the muscle. In adrenal (endo¬ 
crine gland) msuflkiency, loss of 
strength (asthenia) and the rapidity 
of (he onset of fatigue take place. 
Signs of fatigue may be observed 
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when A stimulus is repeatedly ap¬ 
plied. BO that it loses its efficiency and 
{Sails to evoke a response. This is 
most evident in widespread and local 
reflex responses. 

The ear is stimulated continuously 
by sound, but it is remarkable how 
rapidly it recovers from fatigue. 
Fatigue lasts for a few seconds or 
minutes according to the pitch of 
the tone. High tones produce more 
prolonged fatigue than low tonfu. 
For example, if a sound of 94 db 
(decibel^unit of noiseX (he incensiiy 
of 2-mmuie duration has a frequency 
of 100 cycles, it produces fatigue fast* 
ing 20 sec. if the frequency is 4000 
cycles, faiiguel asts 6 minutes. There 
is a centra 1 factor in fatigue (depen¬ 
dent on the response of the brain 
centres) which makes (he estimation 
of fatigue in (he receptor difficult. 
A given stimulus soon loses its effi¬ 
ciency in the olfactory receptor (re¬ 


ceptor concerned with hearing), 
especially if n is a strong one. This 
is due in part to fatigue. Recov^. 
hovrever. takes place very rapidly. 
Fatigue produced by one substance 
diminishes, but does not suppress (he 
eflccts of others of differem odour. 
If the fatigue is marked, (here is a 
transitory partial anosmia (complete 
absence of scnce of smell) for (he sub¬ 
stances that have produced fatigue. 

Fatigue soon occurs in taste. 
Persistence of a stimulus decreases 
the sensiliveness of (he lasie stimu* 
laied. There is some evidence (hat 
sensitiveness of the ether lesle re¬ 
ceptors is simultaneously increased. 
Fatigue and old age decrease Knti- 
livencss to (ouch, especially the 
capacity to distinguish. 

P.C. CANGwaa 
of Animal Sfienec 
F.A.U.. Ludhiana 


Pets can be dangerous 


P ARASITISM i» a common 

feature of animal life; there are 
more parasites than fftc living ani* 
mals. Parasites give rise to many 
infectious diseases in men and ani¬ 
mals and can even cause death of 
Ihe host. There are a large num¬ 
ber of parasites which are shared by 
man and his pel animals. The health 
problems arising out of close‘man- 
pets* association need consideration 
because pets are a source of infec¬ 
tion in man. 

AnlBel parasitce 

Most animal parasites belong to 
three large divisions of the animal 
kingdom—the prolozoans or one* 
celled organisms; the helminths 
(roundworms, flukes, tapeworms 
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smd spiny-headed worms) or parasi¬ 
tic worms; and (he arthropods or 
invertebrate species wiih aniculaied 
appendages. 

How do paiasiles enter our body? 
The flrst sU'p to end parasl'ic 
siiflerings is to And out how parasi¬ 
tes gain access to our body. They 
enter our body in a variety cf waya— 
through their eggs, young ones or 
even the adult forms. One can 
pick up ectoparasites (exieroai para¬ 
sites) such as bed bugs, lice and ticks 
by difcct contact with them. Many 
intestinal parasices. acquired by In¬ 
sanitary habits, enter our body 
through mouth. Seme of then 
have access to our body through 
uncooked or undercooked meat or 
Ash, in which they may lie in (he 
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viable larval stages. Still others 
enter our body through the skin. 
Some parasites enter our body 
through (he intermediate host spe¬ 
cies of the arthropods and others. 

Domestic pets, dogs, cats and 
others may also be sources of para* 
siiic infection to man. These pets 
sometimes serve as alternate hosts to 
the parasites of man. In addition, 
man may serve as a temporary host 
for Ihe larval stages of the parasite 
of a pel animal. The development 
of such larval >tages occura in dogs. 
caU, etc. 

is yew pH infected? 

Tliough the external parasites are 
easy to observe, it needs a trained 
eye to identify them. Infested ani¬ 
mals become restless, and ruin their 
coats by biting and scratching. The 
internal parasiies are more diflicull 
to observe. However, one can look 
for general symptoms such as ema¬ 
ciation. loss of weight, diarrhoea, 
dysentery or consttpation, anaemia, 
restlessness, etc. The animals may 
show general unihnftiness, a pot¬ 
bellied appearance or the tucked up 
abdomen. Itching of the skin and 
areas of dermatitis, caused by the 
larvae of Ihe hookworms, are also 
observed. In tapeworm infections, 
gravid segments are usually seen in 
the faeces. Sometimes, these seg¬ 
ments may migrate to the anus 
attaching themselves to Ihe sur¬ 
rounding hair. 

Maa ibafca paraaitca with peta 

Among the protozoan parasitiea, 
visceral and cutaneous forma of Latsh- 
mania cause chronic, sometimes fatal, 
disease of Kala-azar and Oriental 
sore re^xctively. They occur in 
dogs which serve as a reservoir host. 
Man becomes infected at an early 
stage by the bite of sand fly (Phah- 
boiomut sp.). Kala-azar is accom¬ 
panied by fever, and enlargement o1 
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wtter. The loufce of infectjoQ it 
Qsualty man. However, dogs occa* 
sionally pass ibe parasite to man. 
Toxoplaemoeis, caused by Tox^ 
phsmogpndU, is another protozoan 
disease in man for which dogs and 
cals serve as important reservoirs. 
The usual method of infection of 
tOKopUsmosis* is not clear. The 
symptoms may include fever» 
enlargement of lymph glands and eye 
disturbances. Dogs have also been 
reported, though occasionally, as 
host to Bdaniidiunf c9li which in* 
habits the large intestine of man and 
causes diarrhoea and dysentery. 
Pigs are usually regarded as impor* 
tact sources of human infection. 

Among the roundworms (nemato* 
des) Ancyiosicma bra^ttiense, a com* 
mon hookworm inhabiting the intes¬ 
tine of dogs and cats, has also been 
known to infect man. When infec¬ 
tive larva of the parasite penetrates 
into the human skin, it often misses 
its way to the blood and lymph- 
vessels and continues to wander in 
the hypodermal tissue, it constantly 


liver and spleen. Oriental sre 
causes one or more local sores, usu¬ 
ally without fever. 

Dags and cats also serve at alter¬ 
nate hosts to Trypanosoma sp. which 
causes Chagas* disease in humans. 
The \octoT is Ihe bed bug {RkodnUu 
sp.). However, dogs and cats 
often arc important sources of 
human infection. It is an important 
disease in South and Central Ameri¬ 
ca. Chronic stage of Chagas* di¬ 
sc abe is marked by extensive hard 
edema, inflnmcd lymph glands and 
en \ii rged I i s er a nd spice n. Dogs a nd 
cats .serve as additional hosts to 
£n/anm‘f '0 histolyfira which is ibc 
CAir *.' of umoebii’ dysentery in man. 
Cyst' are passed in the faeces of 
ho^i .otd infection iKCUrs by the 
ir)gtsii.>o of faecal material contain- 
•TJg evNts. This usually occurs 
through contaminated food or 



Pl(. 2. Commas irnruaiMiu ubka ^iri with pets (taws togl/leftBl acaka) l.Lfisk- 
mania ip. : (a) la tplM cal; (b) fra« culliire. 2. Trypanosoma. Sf., 1. Entamofha 
histofytka taas h«Hia Ip i wtta e , 4. Toxoplasma fontHi UalHaa froa lafcdid 
baatedi, 9. Sdmtmrnnsaif 


Srn NCE RFPORTER 


242 


APRIL i9H 


^SCIENCE SPECTRUM 



ng. 3. Coiuiofl romhwtn ihmi «iitm mHk peis {4mm to dlffercac ftakt): I. Aitc}‘hf‘ 
t^mo ttmzilitw : (a) tiontt m4i (b) bhid mi of sak. X. Stretipyhides s/rtfomU* 
(fodiak). 3. Toxoearm Up.: (a) ■otortar mi; (b) bM mi of aolo, 4. MknAUrto 
of RrM;^$. Dtrophria immitit : <•) ai iterior •■4; (b) Ua4 mi of atok. 4. 
Dncunculks midimmis: fa) aokrior «b4: (I) Uad mi at fnak, 7. rridimlta 
fpiroHs (fcaiak)i Cfiathosfomo spMftfum (jami mn) 


?h&nge$ its pla^e and causes *creep- 
in^ eruptbn’. Infection is likely 
to occ ur at the bat hioj beac hes where 

people go barefooted. Intense it¬ 
ching 15 produced by the migrating 
larvae under the skm. The itching 
provokes scratching and secondary 
infection ox uri. Sirwfgyhides 
starforolis—g very common intesli- 


naJ parasite of man, has a marked 
eflect on ^in. lungs and intestine. 
Man gets infection by the penetra- 
Irion of the infective larvae into the 
skin. Dogs and caU also serve as 
sources of human infection. Asca- 
rid worms of dogs and cau {Tcxa- 
card sp.) are found commonly as 
adults in the intestine of these pets. 


Eggs passed with (he faxes of (he 
hosts (dogs and cals) may accidently 
be ingested by children due to their 
unhygienic habits. In the intestine, 
eggs hatch and (he larvae burrow the 
irucstinal wall and migrate to oiher 
organs through blood stream-^ 
condition referred to as ^visceral lar« 
va migrans*. (he symptoms of which 
are eosinophilia. fever, cough and 
liver enlargements. The larvae may 
sometimes wander u> such delicate 
organs as the eyes where (hey pro> 
duce serious effxts. Brugia Malayi 
{Wucherahti mohyi) which causes 
Malayan fiJariasis has also been re¬ 
ported from dogs and cats. When 
present in Urge numbers the worms 
block lymphatic vessels lo cause ele¬ 
phantiasis, involving the legs and 
feet. Man gets infection by the bite 
of infxtcd mosquito containing 
microfiUriae (young ones). Oira* 
Jituria immiti. the dog and cat 
heartworm, which severely affects 
the pulmonary arteries and heart, has 
been occasionally reported from man. 
But (here i$ no evidence (hat viable 
microfilariae are produced by (he 
female Dirofilaria in man. The 

guinea worm, Dracvnrulus fnadineniis. 
an important human nematode found 
in connective ii$$ue, has also been 



**/ am sure they Bo noi mean onl) 
a/timai pets.'* 
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1g. 4. CoMim thkM asd l^y^TTnl■■ wma Aarc* wttb pao (dtawa la dWtrtfM Mica); 
1. Dibcthriofephahu fofM : (a)aa(criaa airf; (b) bedy accBcaCa, 1. Dipyii^m 
<iOiMum: (a) intcriv aad; (b) body ac9fa(« 3. Ethimrotar* gmmthsMt. 4. 
/OMma Jap^fom (feaiaJa lylac la a body caaal af pale). S. ^ar^oa^mvi wtutr’ 
mani. 4.Fatci<tiofsl»biuki, T. ChtiprrhiijinefaU 


Yported from dogs and cr.ts. The 
virasite produces blisters along 
wuh various symploms like nausea 
md vomiting, dianhoea, asthma, 
pddiness and fa int ing— 7>/< hintUa 
'piraiis causes a widespread disease 
^lled trkhiniasis, the symptoms of 
whkh are gastro-inleslinal troubles. 
4uman beings though usually in* 
acted by eating utn^ooked pork are 
ilso likely to get infection froQ cats 
md dop. Cnc//tostpma sping4ntm 


is a short wc rm found in the stomach 
of cals and less frequently in dogs. 
In man. these wonns aie often found 
in an immature condition in the skin 
tumours, although they may lodge 
almost in any orpn including eye 
or brain. Wandering in the body 
the larvae cause a kind of swelling 
or creeping eruption. 

Among the tapeworms (ceslodes) 
Dibethrhetphaius kUus {Diphy^ 
tfob^fhrium taium) —the broad or 


fiib tapeworm reportedly found in 
the small intestine of man. has also 
been reported from dop and cats 
tod many other mammals. In man 
infection occurs by the consumption 
of raw or imperfeclty cooked infev 
ted fish. The parasite causes ab¬ 
dominal pains, loss of weight, weak¬ 
ness and sometimes severe anae¬ 
mia. DipylUtium <wtinum. comm* 
monly known as dog tapeworm, is 
found in the small intestines of dogs 
and cats. Iti infections also occur 
in children with slight intestinal 
disturbances and roxk nervous symp* 
toms Echinoci>c<us frenuhsus and 
£. mutUtocuhris. the small tape¬ 
worms found in the intestine of dogs, 
cau and other members of canine 
fanuly. cause most serious larval 
tapeworm infections in humans, 
known by the name of unilocular 
hydatid disease and mullilocular 
hydatid disease respectively. The 
eggs of the worm pass through the 
faeces of infested animals, and are 
ingested by man along with conta¬ 
minated food or drink. Children are 
more liable to get infect ion when 
dogs are permitted to ‘kiss* their 
faces. Ingested eggs develop into 
many headed larvae, the onchosphe¬ 
res, which arc liberaed in the intes¬ 
tine and make their way to the 
various orpns, developing there 
into spherical cysts. 

Among the flukes (trematodes). 
Schistosoma japonkum, is a blood 
fluke which causes schistosomiasis 
in man. Besides man. it also occurs 
in dogs and cals living in close vici¬ 
nity to man, which may act as a 
source of infection. The mode of 
infection is ihiough skin penetra¬ 
tion by cercariae—the infective »tage 
larvae, Scfaisiosomiasis results in 
the great enlargemem of liver and 
spleen. FoTOfonimus wtstermani — 
the fluke occurring in man, is known 
to parasitize a nuenber of alternate 
hosts including dop and cats. Man 
becomes infected ^taking uncooked 
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cr inadequately cooked freeh water 
crab or crayfish which serve as inter- 
mediaie hosts to the parasite. The 
symptoms produced by Paragonh 
mus infeclion* though not serious* 
are cough* blood stained ipuium, 
mild anaemia and slight fever. 

Among arthropods* Tungo, peae- 
toes. The secondary infectjon may 


becooM gangrenous. The dog and 
rroAs^ihe chigoe* *chigger‘* or 
*ttnd flea* attacks a variety of ani* 
melt including poultry, humans pigs* 
cats and dogs. The contact with 
flea-infestcd animals is likely to pro¬ 
duce infestitiofl which causes flea 
dermatitis characterized by painful 
wounds on the fool or between the 


;at fleas, Ctenoetphaiidts cants and 
C ftIU. are also parasitize human 
beings. These fleas are frequently in 
>‘olvcd in the transmission of the dog- 
upcworm {DipytkHum) to children. 

Some preeaBtioas 

Man has to pay a heavy price for 
mainuining pets in the household if 
they are not looked after properly. 
Dogs should be prevented from eat¬ 
ing viscera of sheep, cattle and other 
slaughtered or dead animals from 
which they frequently gel infection. 
ChUdren should avoid loo much inti¬ 
macy with pets. Contact with sandy 
soil which dogs and cals may leave 
contaminated with faeces should be 
avoided. One of the most valuable 
prophylactic measures is periodic 
deworming of dogs and other pets. 
Sleeping quarters and immediate 
environment of dogs and cats should 
also be kept clean. 

M.L SooD 
(Miss) Suoarshan Kalra 
Zoology Doptt. 

Punjab AgricvUufo! Vnistrsity 

Ludhittno 


BOOK REVIEWS (Coatimod from page 25^) 


up the cell functions to the co¬ 
ordinated functioning of the body io 
totality. The chapter on conscious¬ 
ness and behaviour explains the res- 
poTue individuals to their 
environment* both exteniaJ and 
internal. The concepts of conscio- 
usness is explained in terms of 
perception and is linked to all 


fonns of behaviour. 

The book is well illustrated and* in 
idation to the quality of content* is 
rvaiottaUy priced. Due to emphasis 
on physics, chemistry, etc.* the book 
can also be recommeDded to those 
'Who wish to enter fields o( bio- 
chemiitry and biopfaysics at an 
advance reeearob level, where it may 


be useful as a basic introduction to 
these subjects. It will also prove 
useful to researchers coming from 
any orte of the scientific disciplines 
by enaMing (hem to venture into 
an interdisci^inary area. 

Rita Pathak 
Division ofScienco Planning 
C.S.IR., ;Ve>v Oflhi 
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NEWS & NOTES 


Nobel physicist 
Hertz is dead 

D r. OuiUv Hcrtz» tht GtrreiA 
nuclear phyakiit who shared a 
Nobel Prize for Phypci in 1925 and 
worked for the Soviet Union aiUr 
World War 11. died on October 30. 
1975, in Berlin, East Otnaaay at 
the age of yean. Dr. Hertz and 
Or. Jamei Fmnck shared the Nobel 
Prize for the IT discovery of the **lawi 
goveminf the impact of an electron 
on an atom*'. Their woric on the 
ionization potentials of gases is re* 
gilded as of great importance in 
establishing the quantum theory 
under which energy can be taken up 
by the atom only in discrete quanti* 
ties. Dr. Hertz was rcgar^d as 
the leading member of about 200 
German scientists who agreed to 
help the Soviet Union when Nazi 
Germany fell in 1945 He is said to 
have played a key role in Soviet 
Union's eSorts to catch up with the 
U.S.A. in making atomic bombs. 


Evolution of 


F ossil evidence indicating thai 
true man bad evolved arut lived 
in hast Africa 3.75 million years back, 


Dr Hertz devised a method for sepa¬ 
ration of the ezplocive isotope ura* 
iii(UB.235 needed for the making of 
atomic bombs. He also devised a 
method for separation of neon 
isotopes by diffusion. 

A oei^w of Heinrkh Hertz who 
discovered magnetic waves, which 
opened the way for wireless tele- 
grtphy, young Hertz was born on. 
July 22, 1SS7 in Hamburg. He stu¬ 
died at universities of OdUingen, 
Munich and Berlin, obtaining his 
doctorate from the University of 
Berlin. He fought on the German 
side in the World War I and was 
severely wounded. In 1925 he was 
professor of physics at the University 
of Halk and in 192S be became 
director of physics at the Bcriin* 
Charlotte oburg Technical High 
School la 1934. t!» year Hitler 
seized power. Dr. Hertz resigned from 
the Khool after be refused to take an 
oath for loyalty to Nazism. Neverthe¬ 
less, he remained in Oennany 
throughout World War II, and 
even survhtd it He was then 
chief physicist of the industrial con¬ 
cern Sieffleni, wbkh built a special 
laboratory for him. Dr. Hertz 
stayed in the Soviet Union until 
1954, when be returned to East 
Germany and taught txpenmenlal 
physics at Leipzi| University until 
he retired in 19^1. He also received 
Plecick Medal and Lenin Prize. 

R.K. Dam 


man in Africa 


much earlier than had been previously 
established, has been discovered in 
Tanzania. The above announce¬ 


ment has recently been made in 
Washington by the renowned 
archaeologist Dr. Mary Leakey. She 
had found the jaws and teeth of at 
least 11 creatures that appear to 
belong to the genus Nemo, the 
scientific classification that includes 
modern mao, Homo scions. The 
above date was derived from radioac¬ 
tive carbon-dating of jaws and teeth 
excavated in December 1974, 38.5 
km south of Olduvai Gorge, where 
Dr. Leakey and her archeologist 
husband Dr. Louis Leakey had made 
many fossil discoveries during the 
last two decades. Previously, the 
oldest reliably dated hominid or 
man-like fossils, were no more than 
3 million years old. They include 
teeth found in Ethiopia by Dr. D.C. 
Johansen, and a skull and other 
bones discovered in Kenya by Dr. 
Louis Leakey and his son Dr. Rkhard 
Leakey. Dr. Mary Leakey said 
that her new fossils shared many 
anatomic features with younger homo 
fossils from Kenya and Ethiopia. 
She said that as a ^up these fossils 
represented a species that is clearly 
different from australopithecus, an 
*ape man* that until recently was 
thought to be artcestraJ to modern 
man. The new evidence puts back 
the date at which the human and 
ape lineages are (bought to have 
separated from a common ancestral 
species. From the studies of pro¬ 
teins of apes and humans, biochem¬ 
ists have put (he date at 5 million 
years ago. According to some an¬ 
thropologists, If (rue man existed 
3.75 million ago, then the 

transitional species must have arisen 
much eurlier in the past. In other 
words, the common ancestor almost 
surely could not have lived as re¬ 
cently as 5 million years ago. Dr. 
Mary Leakey’s studies and expedi¬ 
tions were supported by the U.S. 
National Geographic Society and the 
radioactive carbon-dating analyses 
were carried out by Dr. G.H. 
Curtis of the University of California 
at Berkeley. 

R.K. Uatta 
{CoMlftuod OH pofe 2J8) 
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Cromolyn—a 
new drug for 
asthmatics 


B ronchial uthm »a condi* 

(io<i in which there is variable 
reathkaaoess due td widespread 
arrowing of penphenU airways. 
>omolyn. also known as cromolyn 
odium, disodium cromoglycate and 
ntal. is the latest drug for bronchial 
isthma. Cromolyn is derived from 
Chellin which is the active principle 
if a herb known as omni visnt/ga. 
rromolyn is a bichromonc phar* 
naceutical compound. 

Cromolyn is a white powder with 
i mild bitter u^ie. If given orally, 
^ery little is absorbed from the gas« 
rointestinal tract. Hence, it is used 
)y inhalaiior. After inhaUtion. 
he drug Is absorbed by the Jungs, 
it rapidly clears from the blood to 
>e excreted in the bile and urine in 
kfi unchanged fonn. 

Cronxriyn^ has the best iherapeu- 
:ic effect in asthma of type 1, which is 
ike end result of an immediate hyper- 
•ensitivity response. It may also pro- 
ect against type III allergic reactions 
lyhich occur about four to six hours 
ifter exposure to an antigen. It has 
lo direct broncbodilator, antihis- 
aminic or steroid like properties. 
It prevents interaction of specific 
illergens on the* surface of (he mast 
:ciU which otherwise lead Co degra- 
nulation within the cell and subse¬ 
quent release of histamine, 5-hydro- 
tyiryptamine and a slow reacting 
kub&ianoe A, which cause broncho- 


coQstricSion. Hersoe, a pre-inhabi* children under the age of 3 to 4 
tion of the drug protects apinst yean has itren devised. 10 mg of 
the oocoraiog attack of bronchial cromo'yn is dissolved in 2 ml of 
asthma. Cromolyn is an ideal drug saline and inhaled as a mist via a 
for extrinsic asthmas (wl^re an ex- face mask and Bennett twin-jet ne- 
temal factor is involved). Intrinsic bulizer <vaporizer whk'h throws lU 
asthma, where the onset is in middle quid in the form of line spray or 
age wiih a family history of vapour) three to four limes a 
asthma, shows an improvement on day. 

treatment with this drug. Cromolyn is also used as oral 

Cromolyn reduces broncbodilator cromolyn in gastrointestinal allergy, 
(amioophylline) and steroid require- paediatric mllk-proiein intolerance 
ments. whidi are used in long term and aphthous .vtomalitis (dyspep- 
therapy of bronchial asihma tK ulccr> of the mouth). Topically 

cromolyn has been tried in uHi- 
Ooiage aad admlalstratioa caria, etc The side effects arc very 

few and include dry throat at initia- 
To be folly effeclive. cromolyn has „„„ oftherepy and pulmonary infll- 
10 be inhaled m dow. of » mg. four ,,.,5, with eosinophdia (asihmauc 
to five times in twenty-four hours, attacks) 

Some aulhoritic, advocaie larpr por cromolyn lo be effeclive. re- 
do«*. Il ■, importHnl that ih< pa- ir„,menl and gradual with- 

t«nt should have a clear airway al of the drug is imporlanl, 

the lime of mhalannn. Redes c»- ti remain, an ideal drug for pro- 
halalion by the paiicni should he phylaclit prcvcnlion of asthmatic 
avoided as moisture will clump ihc and as a drug in between 

powder withm the delivery unit of allaeks of 'hronchial uslhmaV 
the inhaler device (Vomolyn may 

cause irritation of hypcr-rcactivc N.N. Laha 

bronchi, and hence a preparation i^xurtrr in Mcdninf 

containing isoproterenol is used. M.Q.M. Mvdkul Cnf/cge 

A method for giving the drug to Indore {M.f*.) 

Loss of ascorbic acid (Vit. C) in 

diseased plants 

A scorbic acid can be synthe- brontae. AsptrgiUus niger. Colletih 
sized by a vaneiy of plant irichum gloeosporioidtx. C. papayae. 
and their parts and is needed Oit>ec!sporium papayot. G. psidii. 
in (heir metabolism. The best Pestahtia psidii. Rhizopus nigrK<u^8^ 
food sources of this vuamin are R. stolonifer. Myrothtcium roridum, 
'tfon/ia', guava, citrus, tomatoes. DrechsUra mstroUense, 'Cylihdrocla- 
nungo, papaya, berries, melons, raw diuni sKoparium. Macraphcmc aJIa- 
cabbages, green peppers and many hahadensis. and Geotrickum candidum 
leafy green vegetables. Severe ascor- have been reported to cause conuder* 
bic acid deficiency produces scuny able loss in the viiammin C content! 
as well as certain other diseases of host fruits and vegetables Th( 
Fruits and vegetables are used to decline in the ascorbic acid conleni 
supplement this vitamin. varies with the organisms as well at 

During pathogenesis a number of the host. This is evident from the 
fungi such as Boiryodipiodia thto- percentage losses in ascorbic acid 
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ontents in tomaio fnjiu due to 
iifeciion by DuchsUra auslrtiUenst, 
‘^ylintirvchdium scopofium and (?ao- 
richum can^idum which were 98.1, 
19.1 and 46.8, respectively. The rate 
>f decrease in the quaniiy cf ascorbic 
icid in the tissues of the fruits of 
orruito and citrus infected by Gt<h 
ricimm eandidum was rather less. 
\ decline in the quantity of this 
'iiHmin has also been observed in 
ipp.irciuly ItcaUhy tissues adjacent to 
he in fa ted regions. 

li h^^ been established that the 
ikitst;i nd I ng chemical property of this 
.iiuinin IS tis reversible oaidulion and 
eduction between L^ascorbk acid 


and dehydroascorbic acid by the 
enzyme ascorbic acid oxidase (a 
copper'proteiikenzyme) or by certain 
other oxidative enzymes like poly¬ 
phenol oxidase, cytochrome oxidase, 
peroxidase, etc. 

The loss of vitamin C in pathogene¬ 
sis may be due to ptoduciton of 
some ascorbic acid degenerating 
enzymes either by the fungus alone or 
by the hoil*pathogen complex. 
Apart from this, the loss may be due 
to increased respiration in the diseas¬ 
ed tissues and this may induce in¬ 
creased oxidation. 

Vitamin C is easily destroyed by 
cooking as >i is readily oxidized. 


There may also be a considerable 
loss in minch'ng fresh vegetables, 
Loss of vitamin C during storage and 
processing of fruits and vegetables 
is also extensive, particularly, where 
heat is involved. Traces of copper 
and other metals accelerate this 
destruction. Low temperature sto¬ 
rage of vegetables and fruits before 
processing, canning or freezing 
reduces the destruction of ascorbic 
acid. 

Jam ALU DDIN 
Botany Deparimtnt 
AHahabad Vnivonhy 
AUahabod 
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vliihiysia. It grows in marshy 
lubitiit iind is propagated mainly by 
lUiVcri^. Duration of life of sago 
XI Im is V-13 years. Pith or internal 
parenchymatous tissue is the place 
vhcrc starch is formed (This is the 
nain differerKC between Metroxyhn 
ind Monihoi plants. In the latler 
ase starch is formed in tuberous 
c>ots of plant) At this stage the 
)lant i.s ready for starch cxirac- 
1011 . Stem is cut into small pieces 
ind split np. The pith is taken out 
md t>tiunded with water and strai- 
led. The starch which settles down 
It the bottom is svashed and dried, 
siorch (>l good quality is used 
or prcpiirniiun of sago pearls or 
dobules The kneaded paste of 
larch is piissed through a wire mesh 
md is then shaken in a shaker 
vuh a doili lining. Now it acquires 


the shape of the globules. Globules 
which are slightly wet arc roasted 
over dtt on a melal pan smeared 
wrih vegetable oil such as coconut 
oil. A layer of gelatin is formed 
around the pearls. On an average 
a single palm plant yields about 
113-300 kg of sago, sometime it 
maygoupto 545 kg. 

Monihot ruuifttM, commonly 
known as tapioca. alM> yields of large 
quantity of sago. Earlier sago was 
imported from Malaya. Singapore 
and Indonesia. In India it is obtai¬ 
ned from Manehof, because during 
the Second World War its import 
was stopped. As far as nutrilionat 
value is concerrred tapioca sago is 
no less than palm sago. Sago in¬ 
dustry is located in Kerala and 
Tamil Nadu. Tbe plant is a native 

of Brazil, but >» grown in all the 


warmer parts of the world. In 
India, Kerala is the largest producer 
of tapioca where it forms the food 
of the poor; second in rank is Tamil 
Nadu. Tapioca isashruby pluni l•2m 
in height Sago starch is obtained 
from large, spindle-shaped cluster of 
tuberous roots. Processing of starch 
from sago globules is ba.sically the 
same as for the palm surch. 

Apart from large proportion of 
surch (87,1%). it has small amounts 
of proteins (0.2%), calcium (l?'^). 
phosphorus (I. %). fat (0.2?4) and 
fibres. Percentage of iron is 1.3 
mg/100 gm. Nutritionally it cannot 
compensate any other food, though 
its caloric value is quite high 
(351/100). 

India produces nearly 150,(XXI 
tonnes of sago per snnum. 

NiSHA BXJPAI 


CtTM% RgPOHO.R 
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be 10 iji 10^ gm, And lhai of a 
rnllwuN (rain jiu> he UXK) u»n -10* 
jm (one tiKtrk ion 1 (K*(> 10^ 

gin,). Mui ihe mass of c.irib in 
abi'ul t' V J0*‘ j?,ni am 1 iSai oi mmi is 
ah»»ai 10 ” pm. On (Jio o»h«r 
band. tUc mass ol 4 |Voiim is 
J. 6 ? •. Ill i* ptn iind lh:M ol .iir t'lffc* 
Iron IS y I >. 10 *^" pi>i An vlrciH'n i'. 
llic parliklc known so l;n 

(csc'iuinip inassUss pariick's smh 

as pboion ami iivuiriiio). 


Big and small numbers 


E«re familiar with Ihe quantii- 
ies and numbers we have to ux 
n everyday life. Rut in science 
re often have 10 deal with very small 
iitd very large quanikiea and num- 
lers. For examtiJe. the length of a 
)ook or a table can be measured in 
entimeters or meters. But the dis* 
ance from earth to sun or pole star 
s very large. On the other hand, the 
liameler of an atom is extremely 
41 m 1I. Similarly, in the case of other 
>hy&ical properties (such as mass, 
ime, force, etc.), we can think of 
^ery large and very small quantities. 

Shalt discuss some in this 
irtklc. 

Length 

Let us first consider those objects 
which we encounter in everyday life, 
fhe length of a book may be 20 tm 
)r 30 cm; that of a table may be 
200 cm, while the height of a 
inouTiiain may be 5 km^gxlO^cm. 
Phe distance of sun from earth 
» about 1.5x10^^ cm. while the 
distance from one end of our 
plaxy. Milky Way, to the othcf 
is about 10* cip. By means of the 
laoft powerful tekacope available at 
present, galaxies at a distnea of \<J^ 
cm have so far been spotted. On the 
other hand, the diameter of a hydm- 
pa atom ii about 0.00000001 cm or 
10^ cm. The nuckui at the centra of 


an atom has a diainctcr of about 
I0~'* cm. This is the smallest 
distance known or measured so far. 

For expressing small distances 
encountered in atomic physics a 
special unit is used. This is known as 
an Aogstrdm. a word derived from a 
Swedish physictsC of the same name, 
Andera Jones Angstrdm (18I4*IV74). 
One AngsirBm equals 10’* cm. 
SimilaHy, lO'^meter^jlO** cm—lO* 
AngatrBm is called a micron 

For very Urge distances with 
which one has to deal in astrophysics, 
another special unit is used. This is 
known as a light-year and it is equal 
to the distance invelled by light in 
cfte year. The velocity of light in 
vacuum is 3x10** cm/sec. Since 
there are about 3.154x 10’ seconds in 
a year, the distance travelled hy light 
in one year is 9.5x10*’ cm. It 
should be borne in mind that light- 
year Isa unit ^distance, noloftime. 
The star nearest to us outside the 
soUr ^tem is about 4.28 light-years 
away. The linear expension of our 
galaxy (from one end to the other) is 
about 100,000 light-years. 

Mmt 

Once again, let us consider every¬ 
day objects. The mass of a gram 
may be one gram, that of a potato 
may be 50 gm. that of a bicycle may 



lhcc>i:ili iotulc» ib<^iu ilscifonce 
III a d«i\ tSo'hX) second**); it revoivkjs 
uiuuml (he sun oncu in a year 
(3.l.53h * 10 ’ seconds) The life span 
of man is ab<>ut 100 year)* or a little 
noretlnin 10** seconds. It is believed 
that the time elapsed from ihc Vedic 
period till now i» about 5000 years. 
1.5X10^’seconds. It i& also IxHeved 
that the species of man originated 
alsout 10** seconds ago; life rn earth 
(in its primitive form) began about 
10 ’* seconds ago. and the universe 
itxir is abou: 10”or l(V* seconds 
old. On the other hand, light takes 
about I0~’* sec to travel a distance of 
one cm; the periodic lime of X-rays 
is about 10*** sec or Less. So far 
intervals as small as 10'** sec have 
been measured. 

Force 

The farce acting between two 
electrically charged particles is 
given by the formula 4fj where 
q, and q 2 Lhe electrostatic 
charges on the two particles and r 
is the distance between them. If the 
particles have charges of one e.s.u. 
each and are at a distance of one err 
from each ether, (he force aetinj 
between them is one dyne. 

Let us now imagine a proton and 
an electron as in a hydrogen atom 
The particles have electric charges oi 
magnitude 4,8 XlO"’* e.s.u.. thougl 
the proton is positively charged an< 
the electron is negatively charged. I 
we take the distance between then 
as ]0~* cm. the force between chert 
comes out to be 2.3xlO~* dyne. 
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The gravlutiona] force between 
(WO particles or bodies is given by 
the Newton’s fornioU, G m, mjr*, 
where mi and m, ere the masses of 
(he two bodies, r is the distance 
between them and G is the universal 
constant of gravitation. If masses are 
measured ingms, distancein cms and 
force in dynes ((hat is. c.g.s. units), 
the value of G is found to be 
6.67 X KT". Let us now calculate the 
gr<'tvitalional force between a proton 
and an electron in a hydrogen atom. 
If we lake the distance between (hem 
ns I O'* cm and use (heir masses given 
earlier, the gravitational force bet¬ 
ween them comes out to he about 
dyne. We sec ihnt this is negli¬ 
gible in comparison to the electro¬ 
static force between (hem. The 
gravitational force between (he earth 
und the sun isafiout !t.S6x 10*^ dynes. 

Those smaK quantities which are 
used in connection with atoms, 
molecules and elementary particles 
arc called microscopic quantities. 
The pan <»r the universe connected 
with (hem is called microcosm. 
Those Urge quantities whKh are 
used in everyday life or arc con¬ 
nected with planets, stars and galax¬ 
ies are called macroscopic quantit¬ 
ies. ami I hr pari of the universe 
connected with ihem is called macnw 
cosm. There is very little difference, 
only (»f one letter, in the two words 
' ’ nil c rocosm ” and “ mac t m'\ 

hut a vast dilferencc in their mean¬ 
ings! 

Macrocosm can again be divided 
into two parts. Those objecis which 
kvc sec or with which wc deal in 
rveryday life form the “everyday 
world*', and those which are con* 
lected with heavenly bodies form 
Jie “astronomical world". 

Energy 

When a mass of one gm moves 
vilb a velocity of one cm/sec tr 
las a kinetic energy equal to 
fmv*^}er|. When a mass of one gm 
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is kept at a height of one cm above the 
surface of earth, its potential energy 
is mg A-3.981 ergs. The thernaJ 
energy of an atom at a temperature 
T is equal to kT, where k is (he 
Boliamann's constant having value 
1,38 X 10“** erg/degree. A( the normal 
temperature of Tb 300*C, the 
thermal energy U about 4x ICT** 
erg. The highest energy of elemcniary 
panicles so far detected in cosmic 
rays has been found to boas much as 
10* ergs. When mass is complelely 
ci nvened mto energy, the energy is 
given by the Einstein's formula 
E^mc*. If a mass of one gm is 
completely converted inio energy, 
the energy generated will be about 
10 *‘ ergs. 

It is esi*mateJ ihai the sun gives 
out an energy of about 4x10** ergs 
per second, whkh is constantly 
radiated in all directions. Out of thi*. 
we receive energy of alxiut lO" 
ergs per second per square cm on the 
earth To create energy of 4x10** 
ergs. Linsicm’s formula shows that 
a mass of about 4,5 X 10'* gms. 4,50 
crorr Vg will have u» he completely 


converted into energy. This mean 
that the sun is losing about 450 cron 
kg of mass every second. The sun 
which is an average star, neither too 
small nor too big. has been radiating 
out this energy for crores of yean 
and will continue to radiate as long. 

How many pafCktce? 

One gram of any substance con* 
uins about 1D» to 10** atoms. Since 
(he mass of earth is about 10*’ gms, 
it is estimated that the earth has 
aoout 10** atoms. Similarly, the sun 
has .ibout 10** atoms. Each galaxy 
has about 10 io 100 crores of stars 
like the sun. and there are crores of 
such galaxies in the universe. If we 
regard protons, elections, etc., as 
elementary parUefes. u is estimated 
that there arc about 10** U> 10^* 
paritcles in the universe. 

Isn't *t invigorating to imagine 
such small and large quantities? 

A.W. Jostn 
[>fpn. of Physks 
Mfrrut Univ. 
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Pens : their development and 

working 


T he invention of pcoisattribuieci 
Io Chinese. It was then in (he 


form of brush, Reed pen. or pen 
made bamboo, was used during 
Egyptian era. Bui (he pen in use 
since times immemonol, (hough 
claimed lo have lirsl appeared in 7th 
century, is the quill pen—(he pen 
made of bird's feathers. The subse¬ 
quent improvement over (his writing 
device was to make a nib of quill and 
slip it on (o a holder for writing. 
No sooner nibs came into he«ng 
than mbs of various stouter mate* 
rials, e.g.. horn, tortoise shell, were 
produced whose tips were made 
pointed and durable by miking use 


of diamond, ruby or any hard 
mateiial. As the hardest substance 
was required for points, melals were 
broughi in use. Subsequently the 
steel pen nibs arrived. 

Until fountain pen was invented 
m 1884 by L.E. Waicrmann. a pen 
was simply a Holder (o which a nib 
was slipped on. The pen had to be 
dipped, lime to lime, in ink poi 
to write. Watermann removed 
Ibis drawback by introducing a 
rviervoir and a feed. )n 1957, a 
Hungarian in Argentina. Laulo 
JoaefBiro. invented a workable ball¬ 
point pen. It immediately became 
popular with ihe armed forces 
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;ausc of the two advantages it has: 
first, temperature and pressure of 
surroundings do not afiTect its work* 
ing as IS (he case with fountain pens. 
Se^nd> it can be used for consi¬ 
derable lengths ^ time without 
replenishment of ink. 

A third rype of pen was recently 
invented by Japanese in 1964 
but is not yet so popular, and is 
used only where the fountain pen 
or the ball-point pen does not 
lervc the purpose, ll is the fibre- 
tipped pen. 

Fount sin pen 

h consists of a reservoir in which 
ink is stored; a feed which contains 
capillary channels to circul.ue ink 
and air flow, and a nib which has a 
pointed tip that writes on the paper. 

The reservoir in an ordinary pen 
is an eye-dropper or a piston type. 
In the former, there is a lever by 
which the rubber reservoir is 
inflated or deflated of ink. In the 
latter, a piston serves the same 
purpose. However, in both the cases 
suction is utilised tor drawing ink in 
the reservoir In piston type, there 
)H an inlet for air at the rear end 
of piston tube. It enables the pision 
not u> creak* suction when it is 
pushed up to ihc rear end of the 
tube, and so docs not hinder its 
forward movement. 

The reservoir is conneiied to the 
feed made of plastic or hard rubber. 
The feed comprises of channels of 
capillary dimensions, one for the 
incoming air and the other for 
the outflowing ink. The capillary 
action of these channels enables to 
keep a balance of pressure inside 
and outside the pen. It helps in 
holding the ink in the reservoir 
against gravity. Alongside the 
capillaries, there a/e also comb cuts. 
These cuts are meant for accommo¬ 
dating the excess ink that may 
otherwise diilurb the ink flow. For 
continuous writing the cuu help to 


maintain (he flow of ink to the nib 
point. 

The nib, as is apparent to any pen 
user, has an 'eye' from which a hair¬ 
like slit err>erges to end at its poim. 
It is the function of the slit to 
regulate a fine thin flow of ink to 
the point, so that it could write 
ort (he paper. As soon as the point 
(ouches the paper, the pressure of 
the writing hand slightly sprays it 
apart allowing for a good flow of 
ink. As (he cells of paper absorb ink. 
they draw more ot it from the sNl 
in the nib. The mk ^turtN d«>wing 
out, and is coiUiiiuoudy icpkiccd by 
(he air enter mg through (he V>e' hole 
of (he nib. A pen, aircjilv hik'd 
with ink. slops working when the 
capillaries get clogged, or starts 
leaking excessively if the pressure 
balame is not mamtuined because 
of the atmospheric corKlitions. Thai 
is the reason why founiam pens 
leak at high altitudes where atmos¬ 
pheric pressure is very low. 

The nibs whose material should be 
resistant to thecorrosive action of ink 
are generally made of stainless steel 
or 14 carat gold. The nib point vary 
according to the thickAess of the 
writing desired. 

BalhpelAt ptm 

Before coming to how the 'dick- 
clack* of a ball-poiiu pen takee place, 


the working of u vikil cornpiment of 
the pen refill or reservoir -needv 
elucidaium Thv reservoir which 
conuins a ihkk viscous fluid is 
a long cylinderical narrow lube. 
Its one end is plugged with a 
ball-poini (ip and the other open to 
atmosphere. The ink flows on to the 
paper from the tip. In fact, the tip 
contains a small metallic hall which 
rotates freely as the pen is moved 
over Hie paper. Because of the rota¬ 
tion. the hull is always enveloped by 
a thin fllrn of the viscous fluid present 
in reservoir, and which it transfers 
vnU* p.ipcr us ii is prewej. The fluid 
dries on Ihc paper by ab'«>rpliui» or 
evaporaiion depending on whciher 
the fluid is made of oil or spirit- 
voluble dye. But whai keeps the fluid 
from leaking out of the lip? li is the 
high v*scosiiy tjf the fluid. And what 
about the oiher. open end of the 
reservoir? There is a material 
called To I lower* corked at that end. 
ll IK of Nuch viscosity thal it becomes 
a solid 'barrier* to the back-flow. i.e.. 
leakage iif the fluid from the rear 
end, bul is liquid enough to follow 
the fluid down to the lip where il 
would be used as ink. 

The ball is usually about Imm in 
diameter. T he size can be different in 
special type of pens. It is made 
usually of at eel or synthetic saphirc: 
in high quality pens, il is made ol 
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body. This Ux>ks subtle, but in 
practice it is iiivial. 

The various inner compooents of 
of an *aulcimjik:* ball-point pen are 
illu^tniicd in Kig. 1. The working 
nkcit.inrsm of pen comprises of a 
push Inilton. a rotating sleeve con* 
nccU’d la tear end of I he refill or 
reservt ir. and a spring fixed at tip* 
par* af (he refill For how ihe 
mechanism works, consider the 
steps in Fig. 2. The rotating sleeve 
has sharp leeth as shown. At 
(he upper part of the body of the 
pen there are grtvoves or slots. 
l.aM)>. the lower pari of push* 
huttoi) has treth which could easily 
Iji in (he grooves of body. These 
fri>uves enable vertical up and 
down movements smoothly. An* 
<ilhor (mini ilui should he borne in 
mmd iv the direction of the acting 
lencion of spring* on the rotating 
sleeve 

.Si 11 > l is I be imiJc the pen when 
it isnoi und bn wriiing. t.e.. the tip 
of the. relill iv niskIc the Kidy. When 
tlk push bniic n is pressed, what 
hapix'ns inside is dcpaled in viep 2. 
The pii>h huMon pushes the sleeve 
down, that in turn pushes the reser¬ 
voir down, Hi ihni tip juts out of the 
body. When ihc push button is re¬ 
leased. it slips off Ihe Iccih of the 
sleeve on to ihc edges of ihc body 
The rotation required for this motion 
h provided hy the spring attached 
to the reservoir (step 3). The tip 
being outside the body and held in 
I hat position, enables or>e to wriie. 


When there is a need of pushing the 
tip in the body, the push button is 
again pressed down. This action 
shown In step 4, disturbs the rotat¬ 
ing sleeve, and because of spring 
tension, h slips off the position held 
till then and assumes the original 
position (step 1). The role of (he 
spring at the lower part of the pen is 
viial. That is why if it does not work 
(he automatic mechanism of the pen 
fails. In a costly pert, ihe push butU)r 
has a spring too. In such a cute, it U 
usually this spring which roiaics (he 
reservoir; ihe machanivni is a bit 
dilTereni, thal's all. Some pens are 
ball-operated*-a ball held wuhin a 
cam recess inside the pen helps in the 
push button action. 

Fibre-tipped pen 

It has a wedgo shaped felt nib 
whose points are made of nylon- 
acrylk dacron, nylon, rayon, plastic, 
etc. There is no reservoir as such 
in (he pen. The nib has a fibrous 
wick attached to it which is saturated 
with ink. An air-tight, leak proof 
plastic or metal tubing encloses the 
wick. The tip of the pen lus also a 
cap to cover i( when not in use and 
for keeping it moist and ready for 
use. ink remains in the nib part 
in a substantial quantity, because of 
the wick action (capillary action of 
(he porous holes), for instant writing. 
This pen is used for markings on 
glass, cellopbene. plastic, and wet 
negatives. The ink which is indelible 
has a petroleum base. 

DH.tP M. Sviwi 
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How saeo pearls are formed 

' ' I' . . '( Ihc ® " 

i ^ > Qt ago. The.S aAmAw is an excellent Mvfroxyton plants, and Manihot 

, ‘ O food for cltildrcn and the sick, (casava), but the source of true sago 

k i<> It is a light food ’arvd could is M^troxyffm a member of 

. ' . I. n«'i Y< digested easily. Sago globules family Faints, and Manihof csvuhnta 

' Ml,. • . ,.n. h. are cooled (with vugar and milk) as of Ihc family Fuphoribiuccaf. 

h t\i I,. 11 . Ihe tip porridge or Kh^er. Mffroxyhn .mgw—sago palm, a 

I \\\ \h\ o( I hi Sago globules are obtained sm.tll iree of 10-12 m height and 

't>y, ai.d ' ’.pushed from number of plants such as jiI-^mji )*3k> m girth, is ,i native of 

,% yi Is Hhio the p^'Ulo, sweet potato. Caryota »eh,i iCftnfiitUMhm 
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Believe it or not 



H eart is the centnl pumping 
station of the cardio-vascular 
system. Though it is a tiny organ, it 
perforins tremendous work. The 
heart expels about 70 ml of blood in 
each beat. If the life span of man is 
taken as 70 years, the work done by 
the heart during this period isequiva* 
lent to the work done in €an7ing a 
weight of ID tons to a height of 10 
miles Heart pumps about 150,000 
tons of blood in 70 yean. 



T he structural and functional 
unit of a kidney is called a 
nephron. Each nephron consists of 
I wo parts ^Bowman's capsule and 
renal tubule. Renal tubule in humans 
IS about 3 cm long. There are about 
2 millions of nephrons in two kid¬ 
neys. The total length of (he tubules 
thus comes out to 60 km! 



Y OU know ihai snakes change 
their skin, but have you heard 
of a load doing so7 The Blombcrg's 
load of South West Columbia 
changes Ms skin once every 3 to 10 
days. Kicking its arms arsd legs 
free from the old skin, it rolls the 
old skin into a hall and swallows it. 
This nine inch long giant lives on 
insects and possesses a coloured 
poisonous «kin. 



A ccording to many scvnusis 
the mosi dangerouN animal in 
the world is the common huuseAv 
(Mtdseadomestira). They are carriers 
of many diseases including typhoid 
fever, tuberculosis and amoebic 
dysentery. A single housefly can 
.harbour 33 million germs in its 
intestine and more than 100 million 
germs on its body and legsl 


DON T ADD 
mi STOP 
fTHAS A 

wf/cf/r 





A fulUu^p. the dol which indi« 
ostcs the end of an English 
senicncc. h«i> a weight of its own! 
Scicntisis of New Brunswick Atomic 
Energy Agency. USA. have expert' 
mentally proved that a lulislop 
weighs .000 092232.^ mg. 



S I A w.tier contains skills. The 
total amount of salts m ihc 
w jici of all the seas of the wirrid is 
3U <|uadridion <t6 xcros alter 5) 
lan». But this large amount cannot 
he comprehended meaningfully If 
the salts were separated from water 
by any means and spread uniformly 
over Ihc earth, all the cities of the 
world will go under IS2.4 meter of 
sails. 

Sankar LaI Saha 
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SCIENCE IN 
INDUSTRY 

Fly ash for reinforced and 
prestressed concrete 


D uring Ihe Fourth Plan 
perioil, it was estimated ihat 
aN)ul five milHon tons of fly ash 
were available trom Ihermal power 
siiMion^ in India; and with ihc 
in'tiullaiion of new thermal pbnts 
during (he Fifth Plan period, this 
figure can be expected lo d'^ubfe. 

Thtfvc vast qiiantides xT f1> ash 
create problem^ of siorage, dispo¬ 
sal. and polluiion. Expenditure of 
scNcrjl crores of rupees is involved 
in disposing of (his waste noduct. 
The Structural Engincerng Research 
Centre (SLRC), Madras, has there- 
fore initiated studies to perfect 
methods to utilise this waste muterial 
and thus cement. Fly ash has 
been succtssfully used in mortar and 
concretes of all grades in the USA, 


Europe. Australia, aad Japan. In 
India, aihough it has been used is a 
pounlana. as an admixture and as 
line aggregate in plain concrete, its 
use as partial replacement of cement 
in medium and higher grades of 
structural concrete has been very 
limited. 

Tu demonstrate'the use of lo¬ 
cally available fly ash and the conse¬ 
quent savings IQ cement that can be 
realized, an experimental construc¬ 
tion of a large two-storeyed building 
incorporating cement—and steel 
saving techniques has been carried 
out at SERC. Fly ash tvailabe as 
waste product from Ihe Buia Bridge 
Thermal Power Station at Madras 
was used for this investi^tion. The 
chemical composition of the fly ash 


depends upon Che type of coal used, 
temperature and duration of firming 
in filers, and many other facton 
such as fineoess of Ihe pulverised 
coal. Therefore, the fly ash samples 
witre occasionally analysed foi 
chemical composition. 

After ascertaining the suilabilit) 
of fly ash on the basis of its chemica 
analysis, preliminary experiment} 
were carried out on fly ash concrete 
A reference mix of a specified grade 
without fly ash was flrsl designed by 
standard procedures. The mix wa^ 
then modified by partial re place men i 
cement with fly ash. 

The floor and roof elcnicnls of this 
building are channel units in pre* 
stressed and reinrorced concrete, 
using fly ash to replace 10 to 20 **^^01 
cement respectively. The spun of the 
channel units varies fiom 4 m. to Tf 
m. Units of 7.5 m length are made ol 
prestressed concrete, pretensioned 
in the casting yard. The shorter umti 
are in rein forced concrete. Simple 
and inexpensive masonry mould} 
were used for casing the units. 

The above study hus led to the 
following conclusions: 

Ply ash mn) b< uxed as purlial 
replacement tor cement in struc¬ 
tural concrete compoaents in* 
eluding in prefabricated units in 
construction wivrks in the neigh¬ 
bourhood of thermal power 
stations 

1. Precast channel units can be 
used as an efficient structural system 
for spans above 5 m. without the use 
of heavy erection equipment. 

2. Whenever higher workability 
and impermeability is required for 
concrete, use of fly ash as partial 
replacement will be very advant¬ 
ageous. 

3. There need be no fear of cor¬ 
rosion of steel either in reinforced 
or prestressed concrete if the chemi¬ 
cal composition of fly ash satisfies 
reccommended specifications (IS: 
3fll2). 

4. Fly ash can be freely mixed 
with other ingredients of concrete 
if machloe mixing it resorted to. 
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*reblendiii| of fiy 4ib witb cement 
i not AeMuary in such ctses. 

The use of fly ash concrete 
tructural compctMOls ia the two* 


r HE name Pamposh is given to 
the caJy Asiatic species Ne/vm* 
>0 nuci/era Gaerln. <Syn. Nefymbium 
ipeciojuM WiDd.) belonging lu the 
iQiily Nymphaevee. it is a native 
>f China, Japan and possibly India. 

The crop is reported lo yield 
1600*4600 Kg of rhizomes per hec- 
are (Bailey 1947). The plant so 
important that every part ha^ a 
distinct oome anJ supplies one or 
more drugs. This information iv 
waftered in Ifieraiure and is compil* 
;d hereunder lor ready reference. 

Starling Iruni the roots, the 
powdered root iv prescribed for 
pilc.N. us J demulcent; also for d>- 
ieniry and Jys{x^PMu li is used as a 
Dustc III ringworm and other cuta* 
oeous inicctiuns 

The Sonii white rhizomes rc^mble 
1 .string ol suu'>«igC'. each about 30 
;m long, .md se pan ted from others h> 
< con'tnciinv fibre These a aslnct- 
mg fibres arc uW medici ill> in 
Chi nil and ar.' credited v ih the 
property of restoring health of 
persons suffering from exhaustion. 
Their special action is regarded as 
haemostatic, tn Ceylon, an aqueous 
extract of fresh rhizocnes of white 
lowered variety is given internally in 
loses of 1*4 ounces for bices of snake 
ind tarantulas, it is said to be 
specially oaeful iti bites of cobra. 

The large leaves are used as cool 
bedsheeu in high fever. The milky 
juice of leaves and petioles is given 
in diarrhoea. 


storeyed building has generated 
considerable interest in several 
construction ageDcies and housing 
boards. 


Rowers are ornamental and used 
for oflering in temple These were 
once used as a source of lotus per¬ 
fume which was highly priced. The 
flowers are used as an astringent 
in diarrhoea, cholcm. in fever 
and diseases of liver; and alni rec* 
commended as cardiac slimulani. 
The honey from ihe bees which visit 
these flowers is reported lo pi>ssess 


S PtCIAL enamel compostiions for 
protecting the exhaust systems of 
jet aeroengines againsi high tem¬ 
perature corrosion by exhaust gases 
were developed earlier at the Central 
Class & Ceramic Research Institute. 
Calcutta. Working conditions for 
10 kg batch production of such 
enamels were standardised and 
150 kg of the material was supplied 
to Hindustao Aeroiwutics Ltd., 
Koraput Division, for flight evalua* 
lion tests. High temperature enamel 
CGB-55 as well as standard speci* 
flcalion CG*HT*NCW.73 developed 
at the Institute have received Anal 

3SS 


tonic properties and considered use* 
ful for affliciions of the eye. In Tamil 
Nadu the flowers are considered 
diuretic. Boiled with milk and equal 
amount of flowers of Eugenia Jambo- 
/one to a pasty consistence, it is ad¬ 
ministered lo woman for false pains 
in eart) months of pregnancy. 

Stamens are considered asiringeni 
and cooling, and are useful for 
burningsensation in the body, meno¬ 
rrhagia and piles. Seeds are used for 
checking vomiting and in formation 
of a cooling medicine for cutaneous 
diseases and leprosy. Seed flour is 
used as a valuable food 
The germinating embryo is used 
for reducing high fever. 

M. K Kaul. 

R* ghual Hi'ffari li Labora f<ir i 

Sonaf Nugur 
Sruiufiar-tVfHlOS, Ka.shnut 


approval from llu Dia'ctoriiic of 
Aeron;iul ICS for use on components 
of turbo-jet aeroengines by HAL, 
Koraput Division 
Researches carried out at the 
Institute have resulted jr direct 
saving of more than Rs 5 crores in 
foreign exchange, in addition to 
indirect beneflts accruing from 
quality improvement of products 
and standardization and develop* 
ment of new capabilities, innovation 
of new products and processes, bene- 
ficiation of indigenous raw materials 
and other technical assistance lo 
industry. 


Economic significance of 
lotus (Pamposh) 


High protective enamels for 
aero-engine components 
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PffOTOSYNTHESfS (First Wiley 
Etufiern Reprint) by E. Ra binow itch 
and Oovindjee. Witty Boittrn Pri> 
vafe New Delhi. 1970, 

Rs. 15. 

T he spectrum of plant physiology 
is so vast that a genenil book on 
the subject can hardly justify the 
inclusion of a $in|fe chapter on 
photosynthesis. For a layman, 
pholosynlhesi:* is the process by 
which plants manufacture food in the 
presence of a green plant pigment, 
chlorophyll, with the help of water 
from the soil, carbon dioxide from 
the atmosphere and light from the 
sun. It is a unique feature of only 
the green plants, and represents the 
most fuscinating manifestation of 
biological evolution on the earth. 
The physicochemical mechanism 
involved in this process is very com¬ 
plex and forms a rcndcivous for 
physics, chemistry and biology. The 
book tinder review is an outstanding 
contribution to the field of photo- 
biology. The authors (first author 
is no more), leading authorities 
in the Held, have attempted to ex¬ 
plain the various phenomena like 
energy, entropy, free energy, bond 
strength, oxidation-reduction poten¬ 
tials and the structure and composi¬ 
tion of photosyntbctic appamtus. 

The opening chapur provides a 
brief historical account on the major 
discoveries in the Ivid of photosyn¬ 
thesis. In the subsequent four chap¬ 
ters the authors explain the basic 
physicochemical phenomenon invol¬ 
ved in the entire process. The se¬ 
quence of chapters itself reflects the 


order of diflefent steps mvoived in 
the actual process of photoeyntbestt. 

The auCbon have discussed the 
different concepts propoaed by diflb- 
rent photobiologists without giving 
undue imporuace to their own 
theories, althou^ the senior author 
(E.R.) received the Nobel Prize for 
his work on the same subject. The 
inclusion of details such u the names 
of different tcientisis involved in the 
study of photosynthesis and the 
places where the research has been 
carried out makes the reading very 
interesting as well as gives the stu* 
dents an idea on the diflerrnl types 
of work in progress in the different 
laboratories. Moreover, the philo- 
sof^ical approach, thought-pro¬ 
voking questions and meaningful 
discussions have enhanced ibe value 
of the book, both for leaching ar>d 
research. The lucid exposition of the 
subject makes H understandable 
even to undergraduale students. 
Of course, as the authors pvt it, 
''Generations of biochemnis, bio- 
^yskists and bidogisU will have 
their life-work cut out for them 
until photosynthesis becomes fully 
understood and mastered by man.** 
Compared to the wealth of infor¬ 
mation confaiDcd in the book, the 
price is not prohibitory for a student 
who is keen to peep through the 
details of photosynthesis. 

Rise Kallaiuckal 
Dtpartmenr 'tf Botmy 
Sri ytnkoits^vara CoNege 
New MkhlI002l 

HUMAN PHYSIOLOGY—TH£ 
MECHANISM OF BODY FUNC¬ 
TION, Sherman I. andLudaoo D. 
Tata MeCraw Hiit PtMicathns, 
New Delhi. 1975, Pp. 614. Rs. 39. 

I NDUSTRIALISATION gave 
birth to a new civilisation. The 
fast moving, highly coii 4 )etitiva social 
framework has raised new problentt. 
Supersonic jets, travelling at great 
speeds, overcrowding life in sky- 
icTipera, noise pollution, all visible 
signs of industrial izai ion and pros- 


parity have caused both physical i 
well as meatal strains etetug th 
external and interoai enviroiunent o 
human body. These axe problein: 
whieb the scieotisti and sociok>gUt 
have to solve for the welfare of 
kind, which under severe strain: 
have not only attained serious pro 
portions but also complex dimen 
skms. No one field of science cai 
tackle it alone. This needs an inter 
djKiplinaiyandinlegrated approach 
All the more so, since it is only th 
mter-dbcipljiiary approach whici 
aims at providing the pkture o 
human body in its totality of interna 
as well as external furtecions. As { 
result, the frontiers of science havi 
developed in such a manner that it b 
difficult (0 distinguish one diiciplint 
from another. Therefore, the growtl 
of relatively new subjects—bto^ 
physics, biochemistry, molecular biO' 
logy and the contribution of tradi' 
tional disciplines like imuhematics, 
(diysks and chemistry—is a sign!* 
ffcanl phenomenon. 

The book under review includea 
applkation of laws of physics and 
chcmUlry necessary for uruleritand* 
ing the functioning of human body. 
The laying of emphasis on these areat 
instead of dealing with the topic 
in a classical style has given physio¬ 
logy a new look which evokes unde¬ 
rstanding and interest. The other 
salient feature of the book 
is the discussion on application 
of biophysics, bioebemistry, etc., in 
understanding physiology. The book 
can be recommended for the Indian 
medkal graduates where it can 
supplement their present prescribed 
reading. The biophysical and electro- 
F^ysiological a^>ects of cardiac 
muscle t^ysiology and circulation 
have been thoroughly dealt with. The 
central chemkal control of breathing, 

coguUiiun of uictabulism, bmiu bio¬ 
physical features of skeletal muscle 
and rKrvous system have been dis- 
ctisced in detail. A comprehensive 
and complete ^ lure of the function¬ 
ing of human body has been suc¬ 
cessfully drawn. The authors link 
(Cofft/fluerf Off page iH) 
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ADVERTISEMENT NO. 5 76 


h prop«)Ncd 10 appoint a Scientist 'K* (Oepuly I>licciorJ for tlw ( Vnlral Snil 
4^: Marine Chemicals Research Institute, Bhnvnagiir Nvith (hcrollinvmgqaalilicaiioiis. 
etc 


Joh nufuh'vmenis'. Should be able to develop invcstitsaiions m^d coordiiuiiL* the 
projects in the holds relating to marine chemicals, sea water desalination, solar 
energy utilisation and allied fields in the discipline of chemical engineering. The 
scic'ctcd candidate should he able to command the confidence oi' researchers in his 
held and the industry concerned. 


Qualijiro/ifift.s: High academic qualifications in the held of cltemieal cnginceiing 
preferably with a Doctorate in chemical engineering having at least 10 years e\> 
pcrience In R & I) work in the Helds relating to marine chemicals, sea water 
desalination and solar energy utilisation, as evidenced by published Pa|X'rs of 
high standard. He should be able to plan, guide and coordinate research in the 
fields relating to sea water desalination, solar energy utilisation and allied fields. 


S(/l(iry 'C '(m/i//ons of Service: The salary scale altaehc'd to the post is Rs. 2()Ol)“l25' 
2-2.5tH). Initial pay will be fixed according to the merits. I'hc person selected 
will be appointed on contract for a period of six years, which would be eonliimed 
after an initial period of two year’s of satisfactory service. Other conditions of 
contract will be supplied on request. 

Age Limn: Below 50 years, relaxable in special eases. Scientists,’Technologists 
interested may obtain u standard proforma for sending their curriculum vitae from 
the Chief (Administration), Council of Scientific and Industrial Research, Rail 
Marg, New Delhi-1 lOOOL They can also obtain a brochure on the aims and 
objects and the latest annual report of the Institute. Completed curriculum vitae 
proforma must be received in this office on or before 1st May, 1976. 

“Canvassing in any form and/or bringing in any influence political or otherwise. 

will be treated as a disqualification for the post.** 
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Recent thfory in Archaeology suggests 
that visilore from outer space landed 
In Egypt in prehistoric times. 

Evidences such as paintings of space* 
ships, helmeted creatures, curious 
coincidences in the matching of the 
Pyramid's dimensions with distances 
between the planets and the sun and 
still inexplicable engineering feats 
involved In building the Pyramids are 




salient points for this theory. 

Nobody can bet on the above theory, 
but the Guaranteed Reagents of 
Serabhai M. Chemicals are Ihe 
indispensable tools for leboralorfes to 
decipher this riddle and many other 
mysteries of modern science. 

Cur Laboratory Reagents play the 
invisible role in all scientific endeavours 
from archaeology to oceanography. 
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It is proposed to appoint a Scientist *P* (Deputy Director) for the National Environmental Engineering 
Research Institute. Nagpur. 

Job Requirements: The incumbent should be conversant with present problems of research in Public Health 
Engineering and be able to undertake, guide research and development work in the Insiilutc He should also 
be able to provide necessary assisunce to industry and assist the Director in the management of the Institute 
and interaction with the Government and Public Bodies. He should he able to command the conlidencc of 
researchers in his field and the industry and be an able administrator and image builder to the Institute. 

QuaUfications: High academic qualifications in Public Health Engineering or related science with good 
research and fleld/or operaiional/or design experience in a senior and responsible capacity in one or more 
of the following fields:^ 

1. Water supply 

2. Sewage treatment and refuse disposal 

3. Treatment of industrial wastes 


The candidates must have experience of at least ten years in these Helds. Candidates must possess 
extensive research experience in the field of water treatment technology and/or ireatment of wasies. Experience 
of R&D activities with reference to national programmes in ihe above areas will be necessary. Qualities of 
leadership and ability to organise research, advisory and extension work. Original contribution in research 
and/or development evidenced by publications. 

SalaryiConditions of Service: The salary scale attached to the post is Rs. 2.000-125/2 >2.500. 

In case no candidate is found suitable for appointment in the advertised scale of pay. the candidates 
will be considered for appointment IniU scale of Rs. I60O-I0O-2O0O-I2S/2/22SO OR R$. 1500 60-1800 -100- 
2000. 

The person selected would be cligiMe for appointment on contract for six years (including the 
probation period) after successful completion of probation period of two years. Other conditions of contract 
will be supplied on request. 

Age Limit: Below 50 years, relaxable in special cases. 

Scientists/Technologists interested may obtain standard proforma for sending their curriculum vitae 
from the Chief (Administration). Courtcil of Scientific and Industrial Research, Rafi Marg. New D.elhi-110(X)I. 
They can also obtain a brochure on the aims and objects and the latest annxial report of the Institute. 
Completed curriculum vitae proforma should be received in this office on or before 6.6.1976. 

«<CtDvaaslnf la any form and/or bri^iag la aay Uaeace pollticaJ or otbcnrlae, will be tres'ted as a 
diaquaUflcadoa for ^ post.** 
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LETTERS 


Nombtr of starit 

Sir, To say lhai (here ore oboui 
2500 visible stars on any moonless 
clear nighi is one thing, but to say 
that it is physically possible to count 
them in about 40 minute^ (Bcllere It 
M iio4« 5 /f.. Dec., 1975) is simply 
unpolaioble. I would like to know 
wb«(her Dr. Khan has really bothered 
to verify the number of scars himself 
In the counting process there is a 
l>ossibili(y of stars being counted 
more than once, while others may 
not be counted at all. Then, it 
ivill be ^'beyond human endurance** 
;o simultaneously account for the 
lumber of stars setting and rising 
during the 40 minutes counting 
kpree. 

S.K. Guaru 
Defence Science Laboratory 
Metcalfe Houxe 
Delhi-n0054 

ftke uid diabetes 

Sir, I came across the interesting 
irticle b rkc tabeo for dfabetk? 
by A. Ramachandran and M. 
^ishwanathan {S.R.. Nov. 1975). 
Their information that the intake of 
kigh carbohydrate, instead of low 
arbohydrate with high protein and 
ow fat diet, is good for diabetic was 
useful to diabetics. Thanks for the 
irticle. 

I would like to know whether the 
amounts of protein quoted against 
different foodstuffs are related to 
their raw slate or cooked form. 

The authors have given the caloric 
values of different cla'»ses of food* 
ktulTs rather wrong, because caloric 
values of carbohydrate, protein and 


fat are 4.1. 4.1 and 9.5 respectively. 
A small fraction mulli(riied by a big 
number will give an appreciable 
quantity. Caloric values of carbo¬ 
hydrate. protein and fat in TtMe 6 
would become 1086.5. 422.2 and 
418.5 respectively. The total calories 
would become 1927.3 instead of 
<877. a net rise of 50.5 calories. 

SHAiLiNnaa Kumak 
Mamanimal. Nazipur 

1. The values mentioned are for 
(he weight of different foodstuffs ia 
their raw state. 

2. Evenihough you are right as far 
as the absolute values ara concerned, 
for all practical purposes (he caloric 
values of carbohydrates and proteins 
are taken as 4 and that of fat as 9 
by clinicians all over the world. 
This small difference of 50 calories 
in 1900 calories is not significant 
as far as dietary therapy U 
concerned. 

A. RAMACHANDaAN 
Diabetes Research Centre 
Main Road 
Madras 

Liviag fotfiU 

Sir. I read Tomb—the Crack atga «C 
past Jan. 1976). I remember 

(hat there was an article Living fostfa 
—• cballeiige ta evolatlea by Vijay 
K. Sharma and O.S. Singh (5.R., 
Jan. 1974). I will be grateful if you 
publish an article on living fossils 
(Angiosperm). 

K.S. Yadava 

Botany Depft. 

D.S. CaUege 
Aiigark 

PaUMka 

Sir. \ read Kmw yaar savtraa 
amt by the late Dr. O.K. Seth 
(5.R.. Jan. 1976). i am interested in 
insects which are a key partner ia 
the food chain system of the natural 
environment. Most insects form 
food of the fishes, while a few of 
them eat fries and Sngeriings of Ihe 


fishes. Oil pollution is a great pre 
blem in an industriaNzed country 
Pollutants not only damage th 
aquatic life, but also the interactio 
between them affects significant! 
all responses except survival of th 
insur larvae of the insects. Th 
interaction bciween pH and phene 
iffccU the per cent survival of th 
2nd initar larvae and Ihe nilroge 
content of 4lh instar larvae (Throe 
too. 1975). 

. 

KaiSHNA OOPA 
Deptt. of Zoohg, 
Umytfsity of Corakkpa 
Gorakhpur-27$001 {V.P. 

Vftamia A 

Sir. Apropos of Role of Vitamli 
A—ae* coo es pta by Nisha Bajpa 
(S.ff., Jan. 1976). it would perhap 
be worthwhile to point ou 
that not all Vitamins' are Vita 
amines*. Undoubtedly, it was thi 
notion which led to their nomen 
cUture as Vilamines*. But U 
emphasiae the fact that they are no 
neoessarily amines or amino acid 
the terminal *e* was later with 
drawn. For eiample. even vitamin ^ 
is not an amine; it exists as alcoho 
(retinol) or aldehyde (retinal) and i 
obtained as follows: 

poi 

g—cartMane —> ftciiittl 

<ProviUaui A) Dtosypsnase 
noctiOQ 

Besides vision and growth, vita 
min A*s role are many and diverse 
in maintenance of skin and epithe 
lial cells, mucopolysaccharide syn 
thesis, mainleckaace of cell mem 
bnnes and lysosomes iniegrrty 
maintenance of colourund periphery 
vision, mainienance of adrenal cortex 
and steroid hormonev ^ymhe^s am 
probably resistance lo infections 
It also activates some eiuyme vys 
terns. 

Vitamin A dctictency leadv i< 
blockage of scbaccoux glands urn 
hair follicles of skrn and luerriua 
glands of eye wiih hnrny plugs o 


emtm reiuJiing in urophitut' 
nit (the etriiesl clinicti sign), kere- 
DmaUcU tod uttimtlely ptnophthal- 
oitis ind deslruclioD of eyebtll. 
lie earliesl symptom of vitamin A 
leficicDcy, however, is night^btind- 
ess (nyctalopia). It is interesting to 
lote lhal in vitamin A dehciency 
l^re is increased susceptibility to 
itbyrism. In India, blindness of one 
erson oul of every four may be 
raced to vitamin A deUciency. 

P.K. AutAWAt 
G.S.yM. MfdUal Co/i^e 

Kanpur 

Killer kbesari 

Sir, Apropos of Killer kbesari and 
ts tevotoain {S.R.^ Jan. 1976). I 
rould like lo add another lnleres(ir>g 
inding regarding the harmful effect 
if khesari seed. Recently, S. Chakra- 
larti (1975) from Calcutta has re- 
Njfted (Carr. Sr/.,5. Sept. 1975) (hat 
he *dar of khesari not only causes 
liflereni neurological symptoms, but 
ilso acts on the chromosome comple- 
nenls of certain mammals. 

However, it is now necessary to 
ind out wheihe r the seeds of khesan 
ould produce similar harmful effect 
»D human beings. 

R. Prasad 
P.C. of Biohpy 

Berhampore Unirersity 

Ofisxa 

Plantf and pollatm 

Sir, Plots t«o heM re«po«aible for 
mllBiioaby Zaka Imam (5.R.. Dec.. 
975) was quite interesting. The 
leoemi belief that plants, by absorb- 
Dg carbon dioxide of titt atmosphere 
ad lekasrng oxygen into it. act as 
fenU to reduce the pollution of the 


environment Is reversed by the dis¬ 
coveries reported in the said article. 
The physiology of this phenomenon, 
though precise, was well described. 
A recent survey has indicated that 
some plants like Cnrfon %parsiflO' 
ruj, L. {EuphofbioctufS and Ipnnira 
sp. {Ctm^tyukfae) are common in 
areas where indusiruil at>d other 
effluents contamiruic the environ¬ 
ment. Further, in a critical study an 
affinity of these plants with this tvpe 
of environment was found. It is 
clear that these plants have well 
adapted Ihemselves by absorbing 
toxic gases of the polluted places. 
The cultivation of such plants 
m:iy he helpful in places like an 
industrial complex or the thickly 
populated urban areas. 

M. Madhi’Sudana Rao 

Botany Ocptt. 

Past-Craditatf Ct'ttnt 
O\nHMUt L'm rr'rs/r v 
Wiirunaat 

Tissue coltore (ecluiique 

Sir, There is a gross in rs* Mate me nt 
ascribed to me in the write-up on 
p. 178 of S.R. March. 1976: 
'Tor 3-4 years botanists in the 
country were not ready to believe 
in the Tissue culture lechnique* 
which I discovered in 1967", I never 
said this. All biologists know that I 
did not discover the technique which 
was well established long before 1967. 
and we merely used it as a ha ndy tool 

S.C Mahfshwari 
Professor of Botony 
Dfiki Urri^sity 

Suggest tons 

Sir, I am a regular reader of 
S.R,. New maths and teaching of 


Bathcmaiics la Indian schimt h> 
Shyamal K Majumdar(S.M..M:iuh. 
1975) was informative amt u^.*U'l 
KMh lo school teachers and Mud. nis. 
The article The history of non-KuWi- 
dean geometry by J^otirmoy Hui 
(5.^ , Nov. 1975) also impressed me. 
As a student of science and lover of 
mat hematics. I would like you to 
puhitsh more articles on nuihemaiics. 

SURSJIT BHAni'Rl 

/ '•» > r Bmifana CoU'trtS' 
V M K f. hj I It. ManhaJ 

II 

So. 1 5 u \{‘ been rrjd*n|? .V.^, 
foi the pj'l si\ i’:r*iuhs S' a science 
student, 1 lind n <i. ml m in\ 
St uJics 

I Would like i'll riih.'V on org.iniv 
evolution. It sh>*ut<l dcsciiK* ihc 
history and (1iNl(ih«:tion ot ^ininvds 
during various eras alter the apfva- 
rance of lil'c on earth 

Atst\ please sliiri a separate 
section entitled *Ouc>i>ons and 
answers*. 

Gooiam Kani AJt 
.17. Biitwrii Ptiim Road 
Bf'haia. Cahuita 

III 

Sir. t read .S k.. Nov.. 1975. I am 
a student and 1 fir\d it very helpful 
in my studies. 

Anlt-lranspirMls rtducv uatet 
needs in agriculture and Hvari lung 
machines {S B.. Nov.. 1975) were 
impressive articles. Please puhitsh an 
article on evolution of man or theo¬ 
ries of evoluliort. 

MUKFSH TaIWAR 
Oayul Bofift Road. Agra 
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TIu mooQ 

F ull moon ocairs on 12lh at 9*45 
a.m. and new moon on 27(h 
fll S«20 p.m. I.S.T. The moon passes 
about six degrees south of Saturn on 
2nd, seven Agrees south of Manon 


3rd, very close to Jupiter in ibeearly 
hours or24lh, about one degree south 
of Mercury itt the earty hours of 
26ih. and again about six degrees 
south of Saturn in the evening of 
29ih. The lunar crescent becomes 
first visible after the new moort day 


in the evening of 29th. 

The moon is at perigee or nearest 
to the earth on 10th and at apogee 
or furthest from it on 21st. 

The sun is at the summer solstice 
on 2Ut. 


Hie planets 

Mvreury (Dudhs), a morning star, 
riuis jboul an hour before sunrise 
during ifie month. It becomes direct 
on 2nd and is at the greatest western 
elongation of nbout 23 degrees from 
the $gn on 15ih. It pases about 
three degress north of the star 
Aldebarun {Rohini) on the 22nd. It 
is in Taurus {/rishit). Its visual 
magnitude varies from +1.9 to ^0.6. 

Venus (Sukra) is too near the sun 
to be visible during the month. U is 
in superior conjunction on 18th. It 
moves from Taurus (ynsha) to 
Gemini (Mitftuna). 

Mars (Mangala), visible in the 
evening sky, sets about two hours 
before local midnight during the 
month. It moves from Cancer 
{Koriafa) (o Leo {Simha}. Its visual 
magnitude is about +1.8. 

Jupiter (Brihaspati), visible in the 
morning sky. rises about one and a 
half hours before sunrise during the 
first half of the month a nd a bout two 
and a half hours before it during the 
second half. It is in Aries (Mesha). 
Its visual magnitude is about —1.6. 

Saturn (Sani), visible in the evening 
sky, sets about three hours after 
sunset during the first half of the 
month and about two hours after 
it during the second half. It is in 
Cancer (Karkatay Its visual magoi* 
tude is about +0.6. 

(Source: Nautical Almanac Unit 
of the Meteorological Office, 
Alipore, Calcutta-27) 





P,S. RAMAINATHAN 


The bet Is a messurc for conparing tbe intensity of sound. 
Decibel is tbe tenth part of a bel. Inferno means beJI. So the 
'*liell created by oBwanted sound" is what this article is about 


S OUND is always associakd 
with some kind of motion such 
1 $ waJking, njnninp. vibration, etc. 
As sound is related to motion and 
motion to energy, it Is logical that 
sound is a form of energy. Wc cannot 
^ar sound emanating from an 
object, such as a vibrating bcN. if it 
is situated in vacuum. This is because 
sound requires a medium, such as 
lir. to reach our ears. The vibrations 
a bell move the medium which, in 
lurn. activates the sound sensitive 
3art of the internal ear. Transfer of 
sound energy occurs in form of 
(vaves. 

We all have seen waves in distur- 
)ed water. The lowest and higitest 
)oints in u wave arc named troughs 
tnd crests, respectively. The distance 
xtween identical successive points 
such as neighbouring crests or 
Toughs H called a wavelength (Fig 1). 


The height of a crest or the 
depth of a trough is called an 
amplitude. The rale al which Ihe 
disturbance moves is called speed 
and the number of disturbances 
passing a given point per unit time 
is called frequency. The familiar 
relationship connecting these three 
quantities hi : 

Speed--wavelength x frequency. 
The audible range of frequency is 
20 - 20000 cycles per second. 

There is a major dilfe re nee between 
a sound wave and a water wave. The 
sound wave does not manifest itself 
as crests and troughs. Il is essentially 
a succession of compressioris and 
rarefactions (expansions) that dis> 
turbs Ihe normal density of the 
medium through which it propapies. 
Waves of this type are called ''elastic 
waves'* Such a wave pattern is 
generated when the bump on a rotat¬ 


ing wheel is made lo hit perlodicHlI) 
the end of a spring (Pig. 2). The 
resulting compressions (and the ex< 
pansions which accompany thest 
CO m pressions) t ravel a lo ng t he sprin { 
with a speed determined by the 
properties of Ihe spring and not b) 
the rotation of the wheel. 

A balloon or bladder tilled witi 
a fluid boaps back when it ii 
squeewd and suhsequenily released 
This is because fluids are spring) 
substances. The elastic sound wave: 
can, therefore, be propagated thro 
ugh these media. It is obviou: 
that work has to be done by lh< 
medie to hit out the compressionj 
produced in them. This (ndrcalet 
that sound is the transmitted energy 

The speed of sound in air under 
normal conditions is about 335.25nij 
second. The tone or pitch of a given 
sound is decided by the frequency ol 
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the waves that produce it. Unlike 
electromagnetic waves (light rays, 
X*rays, gamma rays, etc.), the energy 
of a given sound is not determined 
by either frequency or wavelength 
or speed. The energy depeods on 


TaUc 1. Loa^ffi of aeoad g«erated by ttwal aovcea 


Soucee 

Souad level b 
dB (approxmata) 

Sound level as 
u^entood by 
comoMo mas 

Son whiter 

25 

VetyquM 

Ordinary cooveraaiioD 

60 

Modentaly loud 

Vacuum dcanar 

TO 

do 

Food blender 

as 

Very loud 

Motor cyde (about 25 leer away) 

TO 

do 

Jet ptaoe, (about itn feel away) 

lOS 

Uacomfortabfy loud 

ThurdenUp 

120 

do 

Jet ptaaei^ off 

150 

Painful 

Rocket caauK 

ISO 

do 


the work done to create the 
disturbance (in terms of aenpli* 
tude). The sound of a single siren, 
for example, is identical to that 
emanating from a group of identical 
sirens so far as its wavelength, fre* 
quency and speed are concerned. 
The frequency of the sound depends 
on the type and characteristics of the 
siren, while ihe speed of sound is a 
property of air and not of the siren. 
It is. however, obvious that a group 
of R sirens consume '*n times" the 
power consumed by a single siren. 
The sound energy is naturally '*r 
times" greater than that produced by 
a single siren. Sound energy is re¬ 
lated to loudness, but the two are not 
(he same. This aspect is amplified in 


a subsequent section. 

What is wise? 

Noise has been defined as **ud* 
wanted sound". A typical example is 
the unpleasant and unbearable music 
emanating from bard«throaUd per¬ 
sons. Noise obviously causes consi¬ 
derable hardship, annoyance and 
sufferings to those who are subjected 
to it. Diametrically ot^sile to 
this is the pleasant music sung by 
reputed singers. 

h is more appropriate to call 
sound a "noise" only when it is not 
wanted or liked. A particular sound 
may be musk to one but noise to 
another; pleasant when soft, but 
noise when loud. Of all the attributes 
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that distinguish noise from wanted 
sound, loudness is generally consi¬ 
dered as the most signiheant. 

tbe dedbd Kale 

Loudness and energy are inter¬ 
related. The former has a remarkably 
wide range. For esample. a very 
soft whisper of a human voice has a 
loudness equivalent to only 10^ watt. 
A piano has been rated as loud as 
a 0.1 watt siren, and a large rocket 
engine as loud as a 10’ watt siren. 
From these examples it is apparent 
that loudness demands the use of 
inconveniently small and Urge num- 
ben. This problem is overcome by 
choosing a logarithmic scale for 
expressing loudness. The unit "Deci¬ 
bel" has been defined as follows: 

Loudness in decibels ^lOxlogie 
(power of a given sound/power oft 
barely audible sound) 

On the basis of this scale, (he 
softest audible sound has a value of 
zero decibel. The power of an ordi¬ 
nary conversation has been estima¬ 
ted to be about 1(F times greater 
than that of the faintest sound. The 
sound power of the conversation 
in dedteis then works out to be 60 
decibels (dB). 

Table 1 indkates tbe loudness of 
sound generated by several sources in 
terms of dB units, aod also in terras 
of the common but nonscientifle 
terminology such as "quiet", 
"loud," "very load", etc. 

Metaaremeat of aoBod power 

A microphone converts sound into 
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electrical power. Oq this baais, a 
**Decibel meter'* reads out (in wi^tu 
or decibels) tbe sound power. It 
is, however, insensitive to pitch. 
KumsQs have introduced certain 
subjectivity into ratings of 
sound. People generally tend to 
rate high-pitched sounds as 
louder than low-piicbed ones of the 
same power. Consequently, a scale of 
loudness, as judged by people, would 
be frequency-dependent. Tbererore. 
it would be different from that of (he 
decibel meter. To reconcile this 
difference between man and machine, 
a subjective loudness scale has been 
developed. In this scale, comparison 
is made of any given sound with that 
of a pure tone having a frequency of 
1000 beats (or cycles) per second. 
For example, if the subjective loud¬ 
ness of a pump working at a distance 
of 30 feet is to be evaluated, a given 
person is subjected to a selection of 
pure 1000 cycle sounds of different 
loudness and asked to pick the one 
just as loud as the working pump. 
Let us assume that he chooses an 80 
dB sound as the equivalent sound. 
If this choice represents the 
typical or (he average response of 
many people, the pump at 30 feet 
is said to have a "loudness level*' 
of 80 phoRs, even though its own 
decibel rating in terms of sound 
power might be different (say 82 
dB). The "phon** is therefore a unit 
of subjective loudness which is 
matched with the decibel scale for a 
pure 1000 cycle sound. 

Effects of noise 

A noise can (a) interfere with com¬ 
munication, (b) diminish bearing, 
and (c) affect health, and even be* 
haviour. It prevents us from what we 
want to hear and eojoy. It is easy to 
visualize that a conversation can be 
carried on in whispen in a still i^ace, 
while one has tojbout to make sense 
in a noisy factory. 

Exposure to loud noise for a 
fairly long time can produce 
permanent hearini loss. 


Inhahiunts of cities are generally 
subjected to a high level of noise 
which grad ually deafe n$ (hem, as co m- 
pared to those living in quieter towns. 
For example, the din at the railway 
termioii in Bombay often nses above 
70 dB. the level considered "comfort¬ 
able" for the human car. A survey 
conducted in various parts of the 
city has shown that the noise level in 
many places is as high as 90 dB or 
even more. This is definilcly above tbe 
comfortable level. Tbe hooting of 
trains is a strain on ear because the 
level of noise rises to 130 dB. de¬ 
creasing tc 90 dB at a distance of 
about 30 feet. The noise level inside a 
running bus is in the range of 60-70 
dB. The din and noise of crackers 
during Diwali (which can more 
aptly be called the "festival of sound" 
instead of ''festival of lights**) are 
so loud and unbearable that it is 
necessary to think seriously about the 
health hazards accompanying an 
uncontrolled increase in Um deafen¬ 
ing noise associated with this festival. 
It is high time that some sort of 
legislation is introduced to check 
(his menacingly increasing health 
hazard. 

Noise levels above 80 dB are 
capable of producing pennanent 
hearing loss. Tbe ellccr is faster for 


louder noises and it is somewhat 
dependent on frequency. Occupa¬ 
tional noise is deufening many 
millions of workers. Listening to 
deafening noise bus aptly been 
compared to staring at the sun which 
causes blindness. 

Sound level of about 120 dB can 
effectively saturate our sense of hear¬ 
ing. Greater sound powers art, 
iherefort. not perceived as being 
louder, though, they may be more 
harmful. Prof. Graiil of Marburg 
University Hospital for Nuclear 
Medicine has recently emphasized 
(hat even short term exposure (o 
150 dB can lead to deafne.ss. A 
sound reading of 155 <1R can 
burn skin while a sound of 180 
dB can even cause death. Sound 
weapons developed by the super 
powers aim at producing more 
than 200 dB. 

In a complicated system of 
a living organism the effects 
of sim$ of disturbance follow 
intricate pathways that may be 
difficult to elucidate. Contrary to 
common belief, loss of bearing is 
not the most serious consequence of 
excessive noise. The first effects are 
anxiety and stress reactions or in 
some extreme cases, fright. These 
adverse reactions are coupled with a 
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3. A (ypiciil ‘wn**’ of • aupwofik 
pro^Hk 

chjdgc in hormone content of the 
hiood which, in turn, produces body 
chi(()|tcs such U5 increased rtte of 
heart hciii, constriction of blood 
vessels, digesMve spisnu and dilation 
uf pupils of eyes. As a logical 
consciiiucnce of such stimulations, 
many unJcstrahle lung term effects 
nniy be experienced though it is not 
e»Hy to Qsses> them. Available evj* 
dences suggest that in animals it 
damages the heart, brain and 
liver ami prodiices emotional 
disturbances. It is also welt«known 
that titc overall working efficiency 
goes down when noise level goes 
np. 


SST and (hr ummc Ihmbi 

The lerniH "subsonic*' and ''super* 
Mink'" arc used lodemitc respectively 
the vchKiCies of objects moving 
.viower amt lUsler than sound. The 
SST (supersonic transport) is a 
passenger aircraft that travels faster 
than sound and at much higher alii* 
tudes than subsonic air planes. The 
undesirable by-product of the higher 
power needed fur achieving higher 
speed is the acco mpe ny ing noise level. 
Residents nearairportseaperienee sc* 
vere noise problems when planes take 
olfand climb up rapidly, although the 
speeds in these cases are subsonic. 
The SST is a source of noise of very 
high magnitude bccnuNc (u)itsenfi* 
nes are comparatively smaller in dia* 
meter, and (b) its speed is very high. 
The noise from a jet exhaust increases 
enormously fora given engine thrust 
as the jet-diameter is redu^ and Us 
speed increased. 

Supersonic speeds are usually 
measured in Mach numbers (after 
Ernst Mach, a physicist who made 
important contributions in the held 
of sound) defined as follows ; 

Mach number ••Speed of objects 
speed of sound. 
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The *'sonk boom*' is a significant 
effect experienced when t^ SST re¬ 
aches supersonic speed during flight. 
It is essentially a high energy air 
wave created by supersonic aircraft. 
The concept can be understood by 
visualising (he rapid movement of a 
speed boat in water. As its speed is 
greater than (hat of the waves it 
generates, the latter are lef) behind 
during its onward motion. The wave 
energy is. moreover, being conti¬ 
nuously reinforced by the forward 
movement of the boat. This results 
in the production of a high energy 
wave ailed a '‘wake** that trails the 
boat in the ^Kape of "V". This natu¬ 
rally slaps hard against the shoreline 
or other vei^ls. The (ip of an exactly 
similar kind of "wake" moves for* 
ward with SST (Pig while the 
sound itself moves away from the 
wake ar its usual speed. 

The sonic boom sounds like a loud, 
close thunderclap. It is an unnerving 
experience to get struck by a sonic 
boom. The duration of the boom is 
only for a fraction of a second in 
which the pressure rises above normal 
arid then falls below normal. Depen¬ 
ding on the power it gcncruies. the 
boom can rattle winJowK nr ^killer 
(hem In some extreme cjbcs d can 
even slcslmy hnildini^s. The sonic 
hooni conunena's when the aircvaft 
breaks Ihc .sound hurner. and (here¬ 
after *rail< the nircRifi as long as its 
^fved iv supersonic The energy and 
Ihc consequent destructive effects of 
the biHim increasewith the increase 
in speed of the aircraft (i e, in¬ 
crease in Mach number at a given 
altitude). 

The Anglo-French "Concorde" 
and the "TU-J44" planer of the 
USSR are supersonic passenger air¬ 
craft which have, no doubt, very 
remarkable tech oral qualities. In the 

lest flights conducted recently, (he 
Concorde kvs attained speeds app¬ 
roaching I-100 miles an hour and 
cruised at ftO.OOO feet, almost twice 
(he height at which the subsonic Jets 
fly. 
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It hat been stated UmI (he SST cn 
the runway would sound like 50 
ordinary jets taking off at the sarac 
time. Based on the noise of one 
jet plane, if one defines a new 
decibel scale, the SST would be 17 
decibels louder than one jet plane. 
Experiments on noise judgment 
show that a sound 17 dB louder than 
another is normally judged ''three to 
four times'* as loud. 

Need for a aatioaal effort 

Now (he question that arises is: 
What should we do to face the in¬ 
creasing evil of noise pollution? 

In the present age of industrialisa¬ 
tion noise has become not an occa¬ 
sional adjunct but a permanent part 
of man's life. Dr. Alan Bell associa¬ 
ted with the World Health Organiza¬ 
tion, has recently pointed out that 
noise is much more than an occupa¬ 
tional hazard. It is a public nuisance 
and a danger to mental and physical 
health. 

In our country comparatively 
little attention ii paid to control 
noise. The Oovernment must take a 
serious view of the increasing noise 
pollution, assess the correct situa¬ 
tion within the country, and take 
appropriate measures to protect 
workers from the hazards of noise. 
One of the difficulties encountered 
while assessing noise pollution comes 
from the fact that it is difficult to 
distinguish clearly between hearing 
impairment due to advancing age 
and impairment due to occupation. 
Difficulties also arise when emp¬ 
loyers fear that investigation ot 
the problem may promote litiga¬ 
tion and legislation. Occasionally, 
difficulties arise from the attitude of 
the labour organizations as well. 

The potential cost of noise- 
induced hearing loss to industry is 
greater than for any other occupa¬ 
tional disease.' Hearing impairment, 
worker's compensation, redticed out¬ 
put, increased accident rates, com¬ 
munication diffieulties. etc.,'are some 
of the important factors to be taken 


into account while considering cost. 

In the past, there has been a 
general lack of interest in this area. 
Until recently, suitable and accurate 
methods of measuring noise level 
were not available. What is extre¬ 
mely important is that the aware¬ 
ness of the existence of such a ma>or 
problem must be created even before 
devising concrete measures to con¬ 
trol (he hazard. Industrial indiffe¬ 
rence cun be reduced if doctors 
inquire into the occupations of 
patients with hearing defects, if 
factory inspectors encourage manage¬ 
ment to seek advice about noisy 
processes, and if governments develop 
comprehensive occupational health 
services equipped for noise evalua¬ 
tion. Insurance companies can also 
play a vital role as reduction in 
working hazards lowers accidertts 
and insurance costs. 

Industrialists must take noise 
control with the same seriousness as 
control of toxic fumes in the at¬ 
mosphere is taken. Jt is important 
to educate the public and industrial 
managements to regard noise as a 
possible cause of nuisance. 

However, no national noise-control 
programme would be regarded as 


complete unless it includes research. 
Medical research laboratories must 
lake up the study of problems on 
noise in all its seriousness. Codes 
and specifications must be evolved. 
Approprute legislative measures 
must also be taken to protect the 
public and punish the offenders. 

Noise cootrol 

Metropolitan Transport Pro.jecl 
(Railways) is making efforts to study 
noise levels in different pans of 
Bombay and to see how rapid 
transport facilities can be provided 
without contributing to the increase 
in tlic present noise levels. Laying of 
ballastless trucks may lessen noise 
levels. 

The main methods to control noise 
are: (a) io reduce the source, (h) to 
interrupt the path of transmission, 
and (c) to protect the receiver. 
Reducing the sources that generate 
sound is obviously the most straight 
forward approach in this direction. 
For example, the number of noisy 
trucks, motor cycles, etc., plying 
through residential areas can be 
reduced by legislation. There are, 
however, obvious limitations to this 
(Cc^ntinued on page 271) 
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The concept of negtUve Ceoi' 
perttve is as real and meaning' 
fill as of positive absolate 
temperatiires 


I F we best a body, or lechnicaDy 
a syatem. the usual result it 
rise in temperature. It is interestios 
to inquire whether the tenperatttfe 
rise would continue with the poorio| 
of energy into the system. The answer 
to this question, as given by classical 
thermodynamics, is in the affirmative. 
It claims iliar a system can be heated, 
in principle, loan infinite temperature. 
So. now what will happen if more 
energy is supplied to a lysiem already 
at infinite temperature? The answer 
is **the system would be at a negative 
absolute temperature**! Though quite 
interesting, yet this answer is puzzling. 

Could we really heat a system he- 
yond infinite temperature? SurpH- 
singly, the answer is yes; hut not in 
the usual sense. We can **hear’ a 
system to a thermal state which is 
hotter than its thermal stale at infinite 
temperature. However, the systems 
that can be heated upto negative 
absolute icmperaiures differ from the 
ones we generally encounter. 

The main difficulty in undet' 
standing the concept of negative 
absolute temperature is po s ed by 
our notion of infinite tempe¬ 
rature. By infinite lemperaiurt we 
usually undersund the highest imagi¬ 
nable lemperature. and here we Am 
wrong. The lemperature ofa body is a 
sort of index that suggests its thensal 
state. Thermal states of a body can be 
best described by the distribution of 
the constitulent particles among Iheir 
various energy levels. 

Two Uadi of systcaw 
We give below a number of 
examples that we encounter in every¬ 
day life and which resemble the Max- 
well-Boltzmaon distiibutloo of parti¬ 
cles among the energy levcb of an 
individual partide: 

(i) Consider the salaried leciion of 
the society. The higher the salary, the 
fewer number of posts in any organi- 
ration, (ii) Consider a race. Tba 
longer the distance to bo covered m 
a period, the fewer the ricera who 


would succeed. Ciii) Consider now 
the distribution of students who 
pft-« through an examination. The 
higher the para marks, the fewer are 
the students who get through, 
(iv) Another example is the distri- 
bulion of particle density (Chat U, the 
number of panicles per cm*) of a 
gas in a gravitational field with 
respect to height This is given by: 

n-o^“Xp/ki ; (Sp-mgz)... <l) 

In this equation, n« and n are res¬ 
pectively the particle densities at the 
heights (**ground level'*) and 
z «z; g is the acceleration due to 
gravity; k is the well-known Boltz¬ 
mann constant and T is the thermo- 
dynamic temperature of the gas. 
Zp is the poteniial energy of the 
particle at the height z^z. consideriiig 
z—!• at zero. 

Let us now consider a quantum 
system. A quantum system is a system 
which can take on only a discrete set 
of energy levels. Non-quanta! sys¬ 
tems, i.e.. the classical systems, can 
lake on any value within a certain 
range. An example of a daukal 
system is a ps in a container in 
which kinetic energy of a molecule 
might take on any value depending 
on the temperature of the gas. Thus, 
kioelk energy of the molecules is not 
quantized. However, the exdcatioo 
energy of such molecules is a quanial 
property. It can assume only certain 
discrete energy values. The above 
description shows that the same ps 
in the conuiner has two different 
distribuiions; one for the kinetic 
energy and one for the excitation 
energy. The distribution of kinetic 
energy among the molecuks is given 
by Maxwell's velocity distribution 
law: 


ln«2 


I -3/2 -X/kT J/2 
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Here gn is the number of molecules 
bsviog the kinetic energy lying in the 
nnp tx; n is the total number of 
molecules constituting the pt at the 
temperature T. 

The distribution of molecules, 
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imo&g the exdtatioQ eocrgy values 
i.e., the energy levels ot the mole¬ 
cules or atoms^^whkb are discrete— 
s, however, quite diffeient from the 
slaxwelPs vel^ity distribotioa law, 
but ideotkal to the equation (1). 
rhat is: 






< 3 ) 


In equation (3). n| is the number of 
molecules or atoms in the **i** energy 
level; n« is the number of molecules or 
itoms in the ground level; is the 
'V energy level of a molecuk or an 
Horn, and T is the thermodynamic 
temperature of the gas; it has the 
same meaning as In the equations 
ID and (2). 

From equation (3).wc find that the 
distribution of molecules among their 
raergy levels is such that with increase 
in the energy value the number of 
molecules occupying that very energy 
level decreases. In other words, the 
higher the energy level, the lower is 
ill population. 

We now beat the system under 
consideration. We find that the 
temperature of the system rises and 
the distribution of molecules with 
respect to their kinetic energy 
merely sbifU towards higher energy. 
The peak of the velocity distribution 
curve becomes a little broader; but 
no remarkable change in the distri¬ 
bution takes place (see equation (2)). 
The case is, however, completely 
different in respect to tltf distribution 
of the molecules in their energy levels. 
As is evident from equation (I) or (3). 
the number of mol^utes occupying 
lower energy levels begins to decrease 
with the rise of temperature. The sys¬ 


tems, the constituent particles of 
which obey the distribution given by 
the equation (3), can be **heated up‘* 
to attain negative absolute tempera¬ 
tures. 


Negative ^aolute inapMaiMt 
An atom or a molecule has a large 
number of energy levels. It can absorb 
certain discrete amounts of energy, 
and become excited. An atom or a 
molecule can remain tn the excited 
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state for some lime (this period is 
called the life-time of that particular 
excited state); thereafter, it radtaiesa 
certain amount of energy and comes 
down to its lowest energy state-^the 
ground level. An atom or a molecule 
can be excited to any of its ertergy 
levels depening upon the quanlum of 
energy it absorbs. This can be belter 
understood by comparing a train with 
an atom and a passenger with an 
electron. A train has different classes; 
first, second, and third, similar to the 
energy levels of an atom. A passenger 
can occupy a seat in any class by 
buying the suitable tkket. Kis 
occupying a seal in any dass resem¬ 
bles the atom's transition from the 
ground state (platform) to any of iu 
higher energy stales. An atom or a 
molecule can make upward and 
downward transition between any 
two of its energy levels like a train- 
passenger. For simplicity, we shall 
consider only two energy levels of an 
atom. In practice, this is achieved 
by selecting the suitable ertergy levels 
of certain atoms, molecules or ions, 
e.g.. argon icm. helium-neon mixture, 
etc. 

Let us now consider the distribution 
of the constituent atoms or mole¬ 
cules between two energy levels 
li and Zj; Zi being less than ij. 
From equation (3). it is evident that 
the population ratio (number of 


atoms or molecules occupying a 
parlicylxr level is called the popula¬ 
tion of that level), n^/H) will he given by 

n,/n, -e (S. -S.VkT 
where nj and ni are respectively the 
population of the higher and the 
lower energy levels of an atom. 

Since our system is prepared in 
such a way that all the constituent 
atoms or molecules occupy either of 
the two levels Zi and Zj. we find 
from equation (4) that increase in 
temperature results in the increase of 
the population of the higher energy 
level. Zj> If we continue to pour energy 
into the >ystem its temperature 
continuously rises and. therefore, the 
population ratio, n>/ni, also corres- 
pondirvgly increases. This means that 
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Fig. 2. Variatkm of UWbaI CMtty of a tftttm vHk roapoci l» Wfop t fanra 


:he partidcs occupying ihe lovirr 
energy k'vcl Si at lower temperatures, 
so on occupying the higher energy 
cvcl Sjaihighcftem •raturcN(Kig 
K\ intmiie tcmpcraiure, T«©o, the 
>opuUuons ol the lower and the 
lighei energy levels become equal, 
t may be remarked here that though 
he temperature of the system has 
lecome infinite the energy .of the 

ystem still remains finite. 

Sj+Si); n(—ni+n,) being the total 
lumber of atoms or molecules com* 
^rising the system, as is illustrated in 
•ig. 2 (the zero level for the energy 
^vels has been chosen midway bet* 
reen the two energy levels). If wc still 
»our energy into our system, its 
nergy becomes greater than its 
nergy at the infinite temperature, 
o to say,our system is hotter than the 
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system at infinite temperature f This 
further increase in the energy of the 
system demands that the higher energy 
level be more populated than the lower 
one In other wordy, populations 
of the levels have been inserted. Our 
system with inverted populations may 
be compared with a train in which 
first cbs$ passenger are more than the 
second class pas$enger> This distri* 
buiion of the passengers i. somewhat 
unusual, hut it is as nieaningOi as the 
more usual one in which the number of 
second class passengcry is far more 
than the number of first class 
passengers. The systems with 
inverted populations, though not 
encountered usually, are physically as 
meaningful as ibe systems characte¬ 
rized by the Maxwell velocity distri* 
buiion 12). To describe the thermal 
states of the systems with inverted 
popuktUons, one has two options: 
<i) to retain the Maxwell-Bolizmann 
d I SI ri b ution and a ssigo negative val ue s 
to the temperature. T or(ii) to find out 
a new distribution. The first alter¬ 
native is feasible and, therefore, has 
been accepted the world over. In view 
of the aforesaid ttaicments. the equa¬ 
tion (3) could now be taken to define 
the temperature of a system. This 
definition, which allows temperature 
to assume negative values, also does 

not contradict the thermodynamic 

concept of temperature; instead, it 
extends the scope of the definition. 

All systems cannot be heated to 
aitdin the negative values of tempera¬ 
ture. Neptive temperatures arise in 


systems a^iich have bounded sets of 
possible energy levels. They are, 
therefore, associated with internal 
atomic motion which can take on only 
a discrete set of energy values, i.e., 
they are quantized, unlike the kioetk 
energy of an atom or a molecule 
which can assume any value within a 
certain ranp. The external atomic 
motion is, as is quite well known, 
always associated with the positive 
absolute temperatures. The internal 
atomic motions—the transitions of 
elecirony between difierem energy 
levels—really form a separate and 
essentially an isolated thermal system; 
likewise, the external atomic motions 
also form a separate and isolated 
thermal system. These two systems, 
though they mutually interact, can 
however be kept separated from each 
other, i.e., during a ceruin period 
there would not be any energy ex¬ 
change between them. These two 
systems, therefore, have quite diffe¬ 
rent distributions and hence diflerenl 
temperatures. The number of the 
atoms in the higher energy stale may 
far exceed the number of atoms in 
the ground state; such a distribution, 
according to definition (3), would be 
characterized by a neptive value of 
the temperature. In contrast to the 
above distribution, the distribution of 
(he atoms in the various energy groups 
would be given by the Maxwell velo¬ 
city distribution (2). Thus the p$ in a 
container may be associated with two 
entirely different temperaturesl The 
interna] and external atomic motions 
constitute, as already mentioned, two 
different thermal systems and hence 
can be assigned two different tempe¬ 
ratures. These systems, the internal 
and external atomic motions, behave 
quite diSerently, and this is evident 
from the fact that they are described 
respectively by the quantum and the 
classital mechanics. Usually the time 
Uken by these thermal systems, to 
come to their equilibrium, is 
different. Since interactions between 
these systems always lake place in 
the absence of special efforts to keep 
them isolated, they finally come lo an 
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e^uitibnum* and the temperatures 
associated with these thermal systems 
attain a common value corresponding 
to its hr\al mutual equilibrium. 

An interesting example of (he 
coexistence of negative and positive 
temperatures in the same body is 
provided by the lasering ruby crystal. 
The system, comprising of the excited 
and unexcited atoms, constitutes a 
system at a thermal state correspond* 
ing to a negative absolute temperature, 
while the crystal as such is a system 
which is at a positive absolute tempe¬ 
rature, in a lasering ruby crystal, the 
number of excited atoms exceeds the 
number of unexcited atoms and hence 
this distribution of atoms between the 


higher and the lower energy levels 
would be given by (be distribution (3) 
only at a negative temperature. 
(''Laser*' is an abbreviation 
for the light ampliheation by 
stimulated emission of ladiation'). 
The two thermal systems in 
(he lasering ruby crystal can be 
compared wrrh a healer placed inside 
a refrigerator The system comprising 
the interrtal atomic motions has more 
energy artd hence. *s hotter than the 
rubv crystal as such. In other words, 
the energy associated with the inlerrul 
atomk motions is larger than ih*it 
associated with llv external atomk 
motions. 

The concept of tvpiive absolute 


temperature has been employed it 
the studies of lasen and masers. < 

Further reading 

A. Zemansky. MW., Tempvroiurcic. 
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tive Absolute Temperature. Phv$. 
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type of solution. Even if one is 
unable to accomplish reduction of 
such sources, efforts can certainly 
be made to reduce rwise produc¬ 
tion. Proper oiling of the wheels, re- 
designirtgof the machinery, etc., can 
be mentioned in this connection. It 
should not be very difficult to modify 
technological approaches, so as to 
accomplish the objective of genera¬ 
ting only a lovrer noise level. Pro¬ 
cedures and schedules of work can 
also be changed to reduce annoyance 
to people working and living in an 
area. 

Many materials, like wool, vibrate 
very inefficiently and. therefore, 
absorb sound ersergy, converting it 


into heat, the magnitude of which t$ 
very small. Sound absorbing media, 
known as acoustical materials, have 
been developed and used extensively. 
Mufflers can be made use of to 
interrupt the sound waves mechani 
cally. Attempts can also be made to 
deflect the sound away from (he 
receiver, e.g.. mechanically directing 
jet exhaust noise upward instead of 
directing it downwards. 

Ear plugs or muffs reduce the noise 
and protect the receiver. A combina¬ 
tion of the two is reported to reduce 
sound by 40 to SO dB. This will make 
a jet plane sound no louder than a 
vacuum cleaner. Thejobs which arc 
to be carried out in noisy environ¬ 


ments must compulsorily have the 
facility of shift system. Such protec¬ 
tions can certainly reduce, to a 
significant extent, the hazards gene¬ 
rated by noise pollution. 

Furlber reading 

r Kryter, K.O.. The effeetx of 
none on man. Academic Press. 
New York, 1970. 

2. Bell. Alan , anovvuputional 
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Proteins from petroleum may solve wwld^s food slKutage 


W ORLD Dutritios problem is 
essenlially a question of pro¬ 
teins. At present roushly half the 
people in the world have a poorly 
balanced diet (hat retards normal 
growth. The main deficiency in 
their diet is animal protein; they 
live principally on grains and tubers. 
The diet may supply enough calories 
butcontains inferior proteins- lack¬ 
ing in certain essential amino acids 
such as lysine, etc., that arc prcsrni 
only in animal proteins. The peo¬ 
ples of Europe, USSR, and North 
America, with a favourable climate 


will need to produce 35 million tons 
more protein every year to meet 
tiv demand. Of this only IS million 
tons will come from conventional 
agriculture. To meet the anticipated 
deficit, science is opening a new 
source: proteins from petroleum. 

The process of making proicins 
from petroleum was discovered by 
FrerK'h chemical engineer Alfred 


(carbohydrate), the medium for 
the fermentation usually consists 
of the carbohydrate in a water solu¬ 
tion. soluble mii^ral and organic 
compounds containing nitrogen, 
phosphorus and potassium. Certain 
trace elements and growth vitamins 
are also added. A flow of air is 
bubbled through the liquid to pro¬ 
vide oxygen and maintain a good 



and due to the development of atii- 
mal husbandry, have a diet based 
largely on meat and fish. Not so for¬ 
tunate are inhabitants of the earth's 
tropical regions. As the under¬ 
nourished countries grow in popula¬ 
tion. the inadequacy of their diet, 
and particularly the protein defici¬ 
ency, becomes more pronounced. 
Kwasluorkor. the deadly protein 
deficiency disease, kills tens of 
thousands of children every year 
in Asia and Africa. 

The way the present world 
population is on the increase, experts 


CO 


Champagoal in 1958 at the L^vera 
refinery near Marseilles (in France) 
under British Petroleum Company. 
The production of proteins by 
microorganisms from carbon-con¬ 
taining compounds is not a new idea. 
For many years, the yeast fungi 
have been grown on carbohydrates 
(mostly mousses) and they produce 
vitamins and proteins, comparable to 
those of animal origin. Champagoat 
showed that hydrocarbons, instead 
of carbohydrates, could be employed 
as the basic medium for the growth 
of microorpnisms. 


mixture of Ihc materials throughout 
the fermentation vessel. The tem¬ 
perature and addity are also care¬ 
fully controlled for maximum repro¬ 
duction of the yeast cells. Even¬ 
tually the cells are harvested by cen¬ 
trifuging or filtering them out of the 
medium. The cells act then washed 
and dried and so become available 
in solid form as a food slock conta- 
ioing 50% protein. With a flavour 
added, the stock has been used for 
a variety of prepared foods, from 
soup to ice cream. 

There are certain difilculilea in 
growing yeasts on petroleum (hydro- 


When yeast is grown on supr 
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•rboDs). One ii the iiuolubtUiy 
)t hydrocarbons in water. The oily 
tydrocarboQs can be mixed in the 
vatef medium only in suspension, 
ro keep the oil droplets well dis> 
Kraed throughout the medium, it 
nust be stirred vigorously. 

Another major difficulty is the 
treater need for oxygen. Whereas 
iugar molecules contain 50% oxy« 
ten. hydrocarbon molecules have 
lo oxygen. Consequently, the oxy^ 
ten supply delivered lo the orga- 
lisms by the bubbling of air through 
;he medium must be ai least three 
limes greater on a hydrocarbon sub¬ 
strate than on a sugar substrate. 
Moreover, because this results in ■ 
threefold inctease in the cell's out¬ 
put of heat, a cooling system is re¬ 
quired to control the temperature of 
the medium. 

These disadvantages are offset, 
however, by an important advan¬ 
tage. As all the oxygen required 
by the cells is supplied by the 
air. its cen^umption from the 
carbon-supplying substrate is corres¬ 
pondingly reduced. The mie of 
production of ycasl is twice as great 
on hydrocarbon as it is on sugar: 


under favourable conditions a kilo- 
gnm of hydrocarbon should prodiKC 
a kilogram of yeast, whereas a kilo¬ 
gram of sugar yields only half a 
kilogram of yeast. 

Cbampagnat observed that micro¬ 
organisms could be grown efficiently 
on fractions from crude petroleum 
rather than on the pure synthesized 
hydrocarbons, and found ihai mosi 
favoured and productive fraction on 
which yeasts could be grown is gas 
oil^ traction between kerosene and 
lubricating oil. It has been found 
that for different petroleum fractions 
there are different species of micro¬ 
organisms whkh are most efRcienl in 
turning them into proteins. The 
species of organisms also differ for 
the kind of proteins they produce. 
By selection and geneiic breeding of 
the organisms, it may be possible to 
nuke proieins to order. The range of 
possibilities for creating proteins is 
wide -much wider than throughagri- 
cuUure or animal husbandry. 

For the production of protein 
from petroleum, the medium is simi¬ 
lar as used in growing of yeasts on 
sugar, except that oil is substituled for 
sugar. Nitrogen is added to the 


medium in the form of ammonia 
salts; phosphorus and potassium au' 
supplied as general fernli/c) 
Trace elements and growih vilair« 
are also added Afkr Icrmcr.i..- 
lion, washing, drying and purlin..i- 
tion. the yeasis become odou' 
rtesc. virtually lastdcss. croain 
coloured powder iluil looks like 
Hour. It has less odour than ycusis 
grown on stig.ir The new product 
<if the organisms, called “loprina", 
k about 65"., protein whereas 
soya be .ins arc 45"„. 

Ptoteln 

Apart from ihc protein '•toprma”, 
we gel another importiinl byproduct 
from this process. The organisms 
feed mainly on ihc wax in the para¬ 
ffinic oil, i.c., they dcpHrulfini/c (he 
oil, With the wax removed, the oil is 
more fluid and becomes usable as a 
fuel oil sutiaMc for diesel engines 
and domestic healing. 

This mclhod of protein production 
has u number of attractive aspects. 
The organisms grow rapidly, doubl¬ 
ing their weight every two hours, 
which is probably 100,000 limes 
faster than cow growing on grain 
or grass. The microorganisms can 
be grown in tanks; they require no 
soil or sunlight or rainfall or assist¬ 
ance from human labour and thus 
the protein prculuctinn is noteflected 
by had weather or poor crops 

The proteins produced by the 
fcrcncr)lalior) of petroleum differ in 
no cssenlial respect from those made 
by any other natural process whe* 
thcr by Kef cattle, poultry, fishes, 
plants or yeasts growing on sugar. 
ih(v UTL rich in It ^itamlns and in 
a variciy of amino ac^Hs; ip pjtrtt- 
cul.ir. lhc> ha\c ;> high content ol 
Usin,' xvhtch makes them a useful 
c‘inpic mi nt to the lysine-poor 
<c*cals. like vonc^iuratvd protein 
from meat, hsh, yrast or soyabeans, 
•‘toprina** can be Innsformcd irilo 
many different foods, ranging from 
tasty meat concentrates to fermented 
fish sauces of strong uroiiai. It 
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Proteins and their source 


T he word protein is of Greek 
origin^ meaning "first”. Proteins 
Are a class of highly complex nitro' 
genous compounds essemial for all 
nelobolic processes. They are pre¬ 
sent in all living tissues of plants as 
well as animals. In human body 
they form 80% of the dry weight 
of muscles, 70% of skin and 90% of 
blood. Proteins are of high mole¬ 
cular weight ranging from 20,000 
to millions. A proleirt molecule is 
conipased of hundreds or thousands 
of amino-acids joined together by 
peptide linkage. About 20 naturally 
occurring amino-acids are known 
(only 8 are essential for human 
body, others can be synthesised by 
the body itself) which can compose 
any protein molecule in a specific 
arrangement. Properties of a parti¬ 
cular protein de^'end upon the type of 
arrangement of amino-acids in the 
molecule. Types of sequence of 
aminoHictd arrangement in a pro¬ 
tein molecule are endkss and every 
species may have its own pecul ia r type 
of protein molecule. Proteins are 
colloids when in liquid state Most 
of them are soluble either in water or 
dilute salt solution, e.g., globulins. 
Fibrous proteins, c.g., myosin, sclero- 
proteins, are insoluble in above sol¬ 
vents. They arc totally insoluble 
in fats. A protein may bv simple or 
conjugated. The conjugate proteins 
possess molecules such as nucleic 

can also be packed as a pure, concen¬ 
trated protein, like powdered skim 
milk. 

On a cco u nt of the strange ness of t he 
source, large scale feeding trials for 
toxicity and nutrition of "toprina” 
have been carried out. Animals and 
poultry were tested from birth to 
maturity—control groups being fed 
on convemional rations with soya¬ 
beans and fish meal, while other 
groups fed only on the experimen¬ 
tal protein. Pigs, for example, were 


acid (nuefeopfoteins), carbohydrate 
(mucoproictns or glycoproteins) and 
fats (lipoproteins). Proteins are first 
hydrolysed into amino-acids which 
in turn get converted into body 
proteins. 

Proteins are obtained for human 
consumption mainly from two sour¬ 
ces. viz., animal and vegetable pro¬ 
teins. Former onts are graded belter 
a^ they contain all the essential amino- 
acids. whereas vegetable proteins are 
rated inferior due to absence of 
many essential amino-acids. Sources 
of proteins are milk (3.6% proteins); 
meat <l5%-20%); chicken (20%); 
eggs (17%) and Ash (20%). Beef 
and mutton are the richest sources 
of animal proteins. 

Vegetable proteins are obtained 
mainly from pulses, i.e.. Caja/m 
caJon iofoMar. 13%); Cicer arfmtwum 
(CAone. 22.5%); Fhasecius mu/tgc 
{muni 24%); Fhas^lusSp, 

{maJO 0 e 22%); Fhastotus mlgari^ 
(rq/omeA, 23 %) ArochU hypogta, 
groundnut (27%) and Ctycinemux 
soyabean (43%). 

Cereals and tome vegetables also 
coDiain proteins but low in propor¬ 
tion. 

A mao's daily requirement of pro¬ 
tein varies with age and sex, e.g., 
children upio 10 years of age require 
15-20 gms. adults 45-65 gms, pregnant 
women 65 gms and lac rating women 
75 gms. N.B. 

checked periodically for weight be¬ 
haviour, general health, reproductive 
performance and sine of litter. The 
digestive system of a pig is parti¬ 
cularly interesting because it closely 
resembles the human system. The 
animals were then slaughtered and 
minutely examined for any signs of 
abnormalities in the tissues or vital 
organs specially liver. In poultry 
its effect was similar to that obtained 
after feeding conventional fatii>as, 
while 90% of (he pigs showed even 


better performance on "toprina* 
than on soyabeans and fish meal 
Similar tests were made on youni 
calves and in multiple generation 
of chickens. Both meat and egg 
were fed to rats. The results showei 
no detrimental effects. 

"Toprina” has been found to b< 
absolutely safe and highly nutridoui 
for farm animals at any stage oi 
life cycle, but much research anc 
cautious human trials are needed 
before it can be processed and made 
acceptable to man. 

Work ia Mia 


In addition to France. Italy, 
Russia and other countries have 
built huge commercial plants to 
produce this new protein. Re¬ 
cently. In India. Indian Institute of 
Petroleum, £>ehra Dun (UP), under 
the Council of Scientific and Indus¬ 
trial Research has established, a 
pilot plant (Fig. 1 ) for produc¬ 
tion of protein from petroleum, with 
a capacity of 50 kg. of protein per 
day. I.I.P. has direct collaboration 
with the Institute Fransais Oil 
Petrole, France. 

The UP has carried out work to 
study process conditions, reactor 
performance in relation to design, 
separation of yeast cream and puri¬ 
fication, andcontrol of yeast cell 
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quility aikd growth. Long duration 
continuous fermentation has been 
conducted with yeast collected 
from the refinery soil and be¬ 
longing to the species Candida 
tropfcoUs. IIP has completed 
14000 hours of continuous opera¬ 
tion with the yeast. This yeast 
can grow Nveh at pH 2.5 to 5.5. and 
at temperatures 30 C to 39' C. Sia 
kg of protein per hour has been 
produced with this yepst on 
hydrocarbons separated from 
superior kerosene and light dicKl 
fractions having carbon range 
bet wee n 12 to 20. IIP has also deve¬ 
loped a method for separation and 
purification of yeast cream by treat¬ 
ment with a mixture of 2-propanol 


and petroleum ether. 

After successful trials at IIP. the 
pilot plant was shiAed to Gujarat 
Refinery. Baroda in 1969. for scale* 
up work and bter supplemented by 
a paraffinic hydrocarbom sepai«i(ion 
pilot unit. Thtf pilot plant at Barod4i 
is being expanded to with better 
facilities including a spray dryer. 

Acceptability tests which include 
nutriliun.d as well as (ovkologicul 
studies and large sculc feeding trials 
w'ill be taken up iii^lmtia as soiins a 
continuous po>duclioii of e<«nsistcn( 
i|uaUty prtdein on an adequate scale 
is estabirsbed during 1976. Cattle 
feeding trulls should be aimed 
mainly to increase milk yield. 


Purther rcadiug 

1. Ncurath, H.M., 'llw Pn/ii‘in.\, 
Academic Press. London. I96.V 

1966. 

2. Tanford, C., Phy.sitaf Chnnirtry 
of M(H‘romi*levuU's. John Wilov 
and Sons, New York. I%3, 

3. Williams. R.i. und Lunsfoid. 
E. M., Em yvhpth.'f of Ht w hi- 
njj.ffry. Re in hold. Nev^ York, 

1967. 

4. Tracey, M.V., in Kirk'ihntvr 
Envytiotiedip of Chvimvui Trvh- 

Vol. 16. Inlcrscivncc Puh- 
lislicrs. New York, I96H. 

5. AdxamTx in Priuein Chinu^trw 
Academic Press, New York 
(Anniinl). 


Corrigenda 

Ref. S.R, April. 1976. Page 196. the last line in Rajendra Singh's letter should read ". . .complete 
absence of linolenic acid.*' 

Page 202, the cartoon legend should read "We have long known Ihiii any mailer between us 
women has nothing ultimate in it. How amazing lhatscicniisU too have found that there is nothing 
ultimate in matter'* 

Page 208, col. 1-2, the equations ^ould read: 

Chlorophyll 

6CO,+6H/> ---9 C,H„0,-l-60, 

Suidighi 

CiHmO^-HO, --» 6C0,+6H,0+energy 
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I N spite of Its Antiquity tnd 
geoenl familiarity, (be attempt 
(o study the internal structure of 
concrete is only recent. As regards 
the behaviour of concrete structures 
under external loading, attention 
is focussed even today on externally 
observed phenomena, c.g., deflexions, 
hair-line cracks, etc. The study of 
internal structure of concrete was 
first initiated by G. Winter and 
coworkers in U S A. in I96t. The 
investigations are still continuing and 
have been undertaken in many uni¬ 
versities of other countries. Though 
the problem is still at the stage ^ des¬ 
cription and classification of obser¬ 
ved behaviour, some information has 
already been obtained on the fracture 
behaviour of concrete at microscopic 
level. 

Concrete and Its qsaaafacture 

Concrete is made by mixing four 
ingredients—cement, sand, coarse 
aggregate and water. Concrete re¬ 
mains a plastic mass just after mix¬ 
ing and gradually hardens with time. 
In the hardened state, concrete is 
thus a heterogeneous mass. The sand 
and course aggregate part, termed 
as filler, form the bulk of (he volume 
of concrete. Without the filler, 
the cost of manufacture of concrete 
he exorbitant and the dried 
crnuni- water mix would shrink. 

I ho most important ingredient of 
;ri-ir is cement, as it binds the 
hllcr material muo a compact 
nni'NS In India, the production of 
lVmh : I IS 20 million tons per year. 
The number of cement factories in 
the country at present is 53. The 
sand and coarse aggregate for manu¬ 
facture of cochcreteare usually availa¬ 
ble from local sources. 

The different ingredients of con¬ 
crete are mixed with two basic 
objectives: first, the mix in the hard¬ 
ened sute should achievt a minimum 
specified strength and, second, in the 
wet state the mix should be plastic 
' enough so that it can be handled with 
available means without difficulty, 
from mixing to its final compacted 
form in the mould. 



The behivioiir of concrete 
stmcturcs luder external 
loading is focimsed even today 
OD externally observed pheno- 
ineiia^ tor example, deflexions, 
bair^Une cracks» etc. 


The advantages of concrete are its 
high compressive strength, economy, 
fire-proofing property, capacity to 
absorb vibration and low main- 
terutMecost. Among the disadvan¬ 
tages are its heavy self weight and 
low tensile strength. To overcome 
ihe drawback of low tensile strength, 

concrete structures are reinforced 
with steel rods. It can alio be over¬ 
come by means of prestreuing where 
stresses are initially introduced oppo¬ 
site in nature to those likely to occur 
in the structure. 


Mkrocnekt 

Concrete may get cracked due t> 
various reasons—the load It has t< 
support may be the primary one 
The internal cracks which occur an 
referred to as microcracks. 

Some of these cricks are very fim 
and can only be delected by t 
microscope. 

Cooccele is also considered as i 
two-phase material, in which coarsi 
aggregate is dispersed in a matrh 
of ceme n t-sa od morta r. Th ree typei 
of microcracks have been observec 
in concrete. Cracks at the interface 
between aggregate and mortar art 
r^erred to as bond cracks; the mortal 
cracks exist within the mortar, anc 
lastly, there are cracks through th< 
aggregate (Fig. 1). 

Indtreel Inveaiigatloa of microcracks 

The existence of microscopic 
cracks and its progressive internal 
splitting underload was first observed 
by F.E. Brandtzaeg of USA in 1928. 
When a concrete specimen is 
compressed axially — compression 
increases gradually from zero till 
the specimen fails. Volume of 
concrete specimens is found to 
increase at 77 to 85 per cent of the 
maximum load which the specimen 
can take (ultimato load), rather than 
continuing to decrease (Fig. 2). The 
compressive stress corresponding to 
this load it known as critics! stress. 
The volume iocreise signifies Pois- 
aoQ*$ ratio attaining a value more 
than half. It is concluded that bulging 
of the specimen preceding immediate 
failure is the result of internal 
tension-microcftckingparallel to the 
direction of applied compressive 
stress. Instead of measuring volume 
change, Poisaon's ratio may also give 
the indkatloa of microcredcing 
(Fig. 2). 

Among the other indirect leeb- 
ni^ues of observing existence of 
mkrocrmcks, mention may be made 
of the loiuc method. In the 
pulse technique, sonic ur ultrasonic 
pulses are sent from one face to the 
opposite face of the specimen. 


Dr. Mukhopadhyiy machet cooovte uchDOlegy st U.T., Xhan^ur. 






Pig. I. Mlcrocrtckf In oWfit 


Noting th« time of travel of the 
pulse and (he distance through which 
it (revels* the pulse velocii> can be 
calculated. If the pulse velocity in the 
inns verse direction is noted at vari* 
ous stages of loading in a uniaxial 
compression lest, the velocity is 
found to change at 25 to 30 per cent 
of uUitnate load which indicates the 
formation of microscopic flaws. Such 
observation can also be made by 
noting noise in microphone instead of 
(he pulse technique. It is found that 
cracking noise rapidly increases 
after a certain stage of loading. 

Though there are some other 
indirect methods, it is only from 
direct observation that a clear 
ture emerges about microcracks— 
strains at which they are formed, their 
distribution, orientation and propa¬ 
gation through concrete. 

Specimen preparation fer direct 
vesligation 

In the investigations conducted so 
far, concrete specimens (cylinders of 

beighudiameter ratio of 2) ware 
loaded to an indicated strain and then 
unloaded. They were then cut to 
thin slices, 0.4 cm thick, by diamond 
blade masonry saw in horizontal and 
vertical directions with parallel 
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faces. The slices were then washed remove ink from the surface Cracks 
and dried. They were then painted and voids were then dyed red while 
with red ink acKi ground lightly to the rest of the Kurfafle appeared light 
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beem fo«ad tet bowl mcks exitt ii 
coaenU cm befoie it k wbkrtrt 
loA^ load. The orieMitHM of theac 
aa^ iidiam that mv of dm axe 
cmad bf i^iaptkM of tte tore- 
pie frm the noftar tad olhei* 
icaiittat dhieiy dae to votate 
chaapi dnief hydimtioa. Thcer 
pmeace ia dint ee that the iateiftce* 
that s tte howl, k tte weakeet link 
in uMuilL. Bond ci ac k a pneiifly 
oGcv aiDUd kipar affieploa. 

Abo%a ^proxiaaldy 30 per cent of 
elriwah thcae bo^ cradu 

tacmae ia feafth, width and oumber 
with iiKJt a a a d itfaia. 

At 70 to 90 per cent of nkiBata 
load, mortar cracki begin to tncnaae 
noticeably and form oootmttoas 


bond ciada. A coatrtboboa to the 
vUiBale ttieogth, at thk Map, k 
p rovided by the mechaiucaJ inter* 
of coane apregate. 

A aery otall aiDOttat of crackmg k 
ob wrw d throttgb coaiv aggreplee. 
Usrolly the rtreagth of coarw aggie- 
pte k higher tlm hardened pete, 
thoogb eone of the acakn* aggra- 
plea art iadeed paetialed bycimcki. 
The final Caihue takes pkee through 
conakaooi dkiPcgnitioa of the 


Any treting lo wUdi load k grm* 
drolly appli ed front »ro till the 
pecnteii faik k known ae ihort time 
leating or *^tk** a typical 

tfieii-Afiia carve obtained Itdb 
flKh IrtTing k ihown in Fig. 3. Hie 
ifaipe of the curve can be axplaiaed 
with the help of mioocnching. 

The cam k aeaily linear npto 
ahoP 30 per cett of ohunaie load. 
Ik yo o d thk, the cwc devietae froai 
Hafiriiy tn a gradiml amimer whip 


both ia length and width. At critical 
point whip k ahoat 70 lo 90 pr cast 
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Htavy mctak ificlode, witb some exc^c«s» M mettb witk 
•toak nuffibm greater than 23. They may be toxic to 
maa aod other life forms io higber coDcentratioos 



O F the lOS koowA elements, 
S3 are metals genermlly distin* 
fuiihable by their lustre, malleability, 
cooductivily and abibty to tomi 
positive ions. Most of these metals 
occur ill small or true amounts \n 
water, gene^Uy in the order of 
several ttulligrams or less per liter 
Sixtyieigfat of these metals have a 
density five times that of water and 
are classed u heavy metals. Heavy 
metals include all metals with 
atomic numben greater than 23 (i.e., 
vanadium) except rubidium, stron* 
tium, yttrium, caesium, barium and 
francium. They assume significance 
because they may be toxic to 
man and other life forms. Man*s 
activities are increasing their level 
of occurrence above natural environ¬ 
mental concentrations. The toxicity 
of a given heavy metal depends 
on the total amount ingested, as 
wet) as on a number of other factors 
of which only some are known and 
underetood. 

A heavy metal may be regarded as 
toxic if it adversely affects the growth 
or metabolism of cells when it is pre* 
sent above a given concentration. AU 
most all, metals are toxic at high con¬ 
centrations and some are highly 
poisonousevenatvery low concentra* 
lions. Metals exert their toxicity on 
ceils by interfering with cell metabo¬ 
lism in several ways. The most impor¬ 
tant one is the effect on enzyme- 
systems. The more strongly electro¬ 
negative heavy metals (such at cop¬ 
per, mercur> and silver) bind with 
amino, itnino and sulfhydryl groups 
of enzymes, thus blocking enzyme 
activity. Another mechanism of 
action of some heavy metals (such 
as gold, cadmium, copper, mercury, 
lead) is their combination with 
all membranes altering their per¬ 
meability. Others displace elements 
that are important, structurally 
or clectrochemically^ to cells which 
thereaHer can no longer per¬ 
form their biological functions. 

The toxicity of a heavy n^tal 
depends on its route of adminiitra- 


lionand the chemical compound with 
which is is bound. The combining 
of ■ metal with an organic compound 
may either increase or decrease its 
toxic effects on cells. For eumple, 
the combination of mercury with 
methyl organic radical makes the 
element more toxic, whereas the 
combinatioo of the cupric ion with an 
or^nic radical, such as salicyl- 
aldoxime, makes the meui less toxic. 
GeocraJly the cMobinition of a metal 
with sulfur, fonning a suthde, results 
in a less toxic compound than 
the corresponding hydroxide or 
oxide. This is because the sulfide is 
less soluble in body fluids than 
oxides. 

However, small amounts of heavy 


metals are essential not only for 
aquatic organisms but for humans as 
well, to surviveand function. The role 
of iron as a principal component of 
blood IS an eumple. Also, if a 
person does not ingest a certain mini¬ 
mum amount of cobalt-coniaining 
vitamin he may die from 

pernicious anemia. Moreover, 
the minute amounts of manganese, 
chromium, zinc and copper are vital 
to man as well as numerous attuatic 
species. 

Drinking water is one of the 
routes of intake of heavy metals into 
the human body. Us relative impor¬ 
tance, however, varies from metal to 
metal. 
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Thtt metal h uaed i& alloys tod for 
other meUllurgietl purposes. Tbete 
is 00 evideoee that atUimoay is an 
esieflUat element in humao outiition; 
it has, however, been found to be 
toxic. Doses as low as 100 mg are 
fatal. The symptoms are similar to 
those of ancnical poisoning. It has 
been known to produce severe elec* 
trocardiogriphicaboormaliiies, skin 
eruptions and even pneumonia. The 
compounds of antimony are toiic 
and am classed as acutely moderate 
or chronically severe. Since 1949, 
antimony potassium tartrate has 
been given intravenously in the 
treatment of schistosomiasis. 

Amak 

Arsenic is used in metallurgy to 
increase hardening, for heat resis* 
tance in gtauware and ceraoiks, in 
tanneries, dye manufacture and 
chemical industries. Its major use. 
however, has been in pesticides for 
eradication of insects, weeds, and 
fungi and as a wood preservative. 
It is also used in the manufacture of 
arsenical organic compounds for 
therapy. Normal human blood 
contains 0.2 to 1.0 mg/1 of arsenic. 
Jl is found in inany foods such as 
vegetables and fruits. 

Arsenic is welUknown for its 
toxicity to humans. Ingestion of as 
little as 100 mg usually results in 
severe poisoning and 130 mg has 
proved fatal. Arsenic accumulates in 
(he body so that over a period of 
lime small doses may become fatal. 
Arsenical pollution of wells is 
reported to have caused human 
deaths in South Africa; in one case 
the water contained 12 mg/l of 
arsenic. Several incidents have de¬ 
monstrated that arsenic in water may 
be carcinogenic. There have been 
several instances where cancers of the 
skin, and possibly of the liver, have 
been attributed to anenk in (he 
domestic water supply. In New 
Zetland, sickness and death among 
cattle have been caused by arsenk 


(of natural origin) in water sup^dies. 

Cadmkn 

Cadmium is used in elcctropteting. 
ceramics, pigmentatioa. pboiogra^y 
and nuclear reactors. Cadmium salts 
are sometimes em^oyed as insecti¬ 
cides and antihelmrathics. Cadmium 
is an accompanying metal with ainc 
and has also been found in galvanized 
mains. It may also reach drinking 
water source, through drain water 
and river water, and cause poisoning 
leading to death. The skk die a pain¬ 
ful death as a result of the 
ltai*ltai disease whkh causes bones 
to soften and the body to shrink. 
Considerable quantities of cadmium 
may accumulate in sewage and river 
sludge. 

Cadmium poisoning in humans 
results from the consumption of 
foods or liquids prepared kept in 
cadmium-^ted containers. As a 
result, several health departments 
have forbidden the use of cadmium- 
plated food containers and pipes. 
CadroiunbconUminated ice cubes in 
cold drinks have caused acute gastri- 
irs symptoms within an hour. 
Consumption of cadmium sails 
causes cramps, nausea, vomiting and 
diarrhoea. 

Chromium 

Hexavalent chromium salts are 
used extensively in metal pkkling 
and plating operations, anodizing 
aluminium, in the leather industry 
as a tatiningagent, in the manufacture 
of plants, dyes, cx|riosives, cennucs, 
paper, and many other substances. 
Trivalent chromium salts, on the 
other hand, are used less exten¬ 
sively and are employed as mor¬ 
dants in textile dyeing, in the cennuc 
and glass industry, and in photo¬ 
graphy. Chromium compounds may 
be present in wastes from many of 
the above mentioned industries and 
may be discharged in chromiom- 
treated cooling waters. The toxidty 
of chromium is not well-knows. A 
case is on record where a family 


ingested upto 1 ppm (puts per 
milUoo) over a few yean without 
apparent hamful efiects. It ti known 
to be carcinogeztk when inhaled, but 
whether it is so when ingested is not 
known. 

CaMt 

Cobalt and its salts are used for 
making alloys in nuclear technology, 
as a pigment in china and glass 
industry and as binders in tung¬ 
sten carbide tool industry. It has been 
reported (hat coball has a relatively 
low loxkjly to man, and that traces 
of cobnll are essential to nutrition. 
The ingestion of soluble salts in 
sulficienl concentmioo, however, 
produces nausea and vomiting by 
local irritation. 

Copper 

Metallic copper is used in alloys for 
making cooking utensils, extensively 
in the electrical industry, and for 
pipes, roohng and many other pur¬ 
poses due (o its conductivity or 
corrosion resistance. Copper salts in 
natural surface waters occur only in 
(race amounts upto about 0.05mg/l. 
Their presence beyond this level is 
generally the result of pollution attri¬ 
butable to the corrosive action of the 
water on copper and brass tubings, 
to industrial effluents, or frequently 
to the use of copper compounds for 
tl^ control of undesirable plankton 
organisms. Copper is an essential 
clement for the human body and the 
adult daily requirement has been 
estimated at 2.0 mg. Large oral doses, 
may, however, produce emesis 
(vomiting) and, if prolonged, may 
result in liver damage. 

Lead 

Lead is a cumulative poison, (t 
is deposited tn bone as a 
cumulative poison. Some natural 
waters wherein mountain limestone 
and galena are found contain as 
much as 0.4-0.8 mg/l lead in 
solution. Lead may pollute 

water as a coiutitueat of various 
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induslml and mining efflucnU or as 
a cesull of the action of water on lead 
leaden pipes. Typical symptoms of 
advanced kad poisoning are consti* 
pation. loss of appetite, anemia, 
abdominal pain (and tenderness), 
gradual paralysis of ihe muscles, 
especially of the arms. Lead poison* 
ing usually results from its cumuU* 
tive toxic effects over a long period, 
rather than from occasional small 
doses. 

Mcrcory 

Although elemental mercury occurs 
as a free metal in some part> of the 
world, It is rather inert chemically and 
insoluble in w^ier. Hence, it is not 
likely (o occur as a water pollutant. 
Mercuric salts occur in nature chiefly 
as sulfide (HgS) known as cinna* 
bar. Numerous synthetic organic 
and inorganic salts of mercury are 
used commercially and industrially, 
e.g.. as medicinal products, disinfec* 
Unis, detonators, pigments and in 
photoengraving. 

Not only is there more mercury 
in the environment but evidence 
suggests l^at more of it is in a form 
that is most toxic to man. Liquid 
(metallic) mercury itself is not ordi* 
narily toxic, since the body docs not 
absorb mercury in this form from 
the digestive tract. However, many 
intoxications occur when metallic 
mercury is vaporized and inhaled. 
Organic mercurials whkh are 
readily assimilated are also becoming 
more prevalent. Il has been proved 
that elemental or inorganic mercury, 
when released into the hydrosphere, 
is converted inloan organic mercuri* 
al matter by the linkage of rncthyl or 
other carbon chains. Repeated 
predation by animals in the 
food chain concentrates organic 
mercury salts in their tissue ulli. 
maicly reaching toxic levels for 
man and animal. 

Indirect chronic mercurial poisesn* 
ing with a much higher morbidity and 
mortality rate occuned at Minamafii 


and Niipta In Japan. The poisoning, 
called MinamaU disease, was caused 
by discharge into Minamata Bay 
from an acetaldehyde and vinyl 
factory. The effluent contained large 
amounts of inorganic and organic 
mercur>. There were 121 recorded 
cases of human poisoning with 46 
deaths. About onc*third the afflict¬ 
ed were in fun band children, some of 
whom had acquired mca'ury poison* 
ing through the placenta prior to 
birth. The disease occurred mainl> 
among fishermen and fish-eating 
families. Pish*eatrng animals such 
ar cals. dogs, pigs and seabirds were 
often aflccted but herbivores such 
as rabbits, horses and cows were not 

NkkH 

The use of nickel in heavy industry 
has increased markedly over Ihe bst 
few decades, principally in the pro* 
duction of Stainless steel and other 
alloys and in plating. Nickel carbonyl 
is one of the most toxic nickel com¬ 
pounds and a major industrial 
hazard. Nickel is usually not readily 
absorbed rn Ihe gastro*intestinal 
tract except as nickel carbonyl. This 
compound has caused most of Ihe 
acute toxicity of nickel The toxicity 
of nickel is believed to be mild 
Acute poisoning causes headache, 
dizziness, nausea and vomiting.chevi 
pain, tightness of Ihe chest, dry 
cough with shortnes.c of breath, rapid 
respiration, cyanosis and extreme 
weak new 

SeleniuBi 

Selenium is used in ib cicmcniul 
form and as several salts in n variety 
of industrial applfcalioiK Mich 
pig me nta lion i n pa i nl s. d yes a nd g la ss 
production, as a component of 
rectifiers, semiconductors, photo 
electric cells, and other electrical 
apjxjrills' as a supplement to sulfur 
in the rubber industry, as a compo* 
neni of alloys, and for insecticide 
sprays. Proof of human injury by 
selenium is scanty and definite symp* 
loms of selenium piusoning have not 


yet bcti identified. Il is widely 
believed that selenium is highly toxic 
toman. Irhas been oh«^rYed that the 
svnipioins of selenium poisoniiig are 
Mtnibr to those ol arsenic poiM>ning 
Mild chronic scleitiuin poisoning has 
been observed in people hvmg in 
areas where I he soil and crops «re 
rich in selenium. 

/inr 

CX'curring abundantly in rocks and 
ores, rinc is readily refined niton 
stahtc pure metal umf is used evien* 
srvely for galvaniring. in alloys, for 
ckctncal pufrH«cs, m priming pluics, 
for d>.*mi)nufactua' and dyeing 
pi messes, and for many oilier indus. 
trial purptiscs. /me wtis aie used in 
paioi ptgnscnis, cosineiics. pharma* 
ceutics. dyes, insecticides and oilier 
products. Many of iis salts are 
highly soluble in water, hence, it is to 
he expected Ihai it mrghi occur in 
many industrraS w'asles. Zinc has no 
known adverxe physiological effects 
upon man. except at very high con- 
ceniraiions. An emetic concentration 
requires fi75-22fiO mg/I. In fact /inc 
is an essential and beneficial element 
in human nutrition. I'lic normal 
human intake of xinc is cstm>atrd at 
tO-lfi mg per day. 

The fact is that nest to nothing 
is known abt>ui heavy me la Is 
in the aqiiaitc cnvoonnKui. besides 
whal little h.is hscn le.iroi \Hnn 
protracted mvuoi^ .md .lilnoiuu 
poKonlnp c|miIvpimiw* I .snuplc. 
do living criMliio'- Inidii up 
toIcniiH'vs to io\K licitsN iiK'tals 
ingested osoi inonihs and years? 
Alvi lo tv so id red is iinic needed 
to purge inxk he:i\\ metals 
from the Nni). and wheihcr all 
can indeed ha remuved More work 
is needed to know about precise 
chemical and biological elTccts 
of these metals and their etiology, 
levels al which signs and symptoms 
appear with one metal or com¬ 
bination of metals, and importance 
of genciic elfrvls. il any. Ilic study 
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Iron transfer to 
foetus 

H OW iron is trtnsferrtd from 
molher to foetus isan intertstinj 
story. Earlier it was beliend that 
foetus gets its iron content totally 
from mother's red blood cells, but 
now it has been csubiished by isoto¬ 
pic studies that ma terns I plasma trans¬ 
fers its iron to foetus. It receivcsa 
considerable amount of iron from 
mother's plasma for its total require¬ 
ment. The transfer of iron goes on 
increasing with the increase in weight 
of the foetus. Iron transfer across the 
placenta is a speedy process and unU 
lateral in direction i.e.. from mother's 
plasma to foetus Gradually the pro¬ 
portion of iron in mother's plasma 
decreases, as it is seen that plasma 
iron of foetus and newborn is higher 
than the mother's. At the end of 
pregnancy foetus gels nearly 90% of 
total iron of maternal plasma. Dimi¬ 
nished formation of red blood cells In 
mother during pregnancy eaplains 
the transfer of large proportion of 
plasma iron to foetus. 

On an average the total iron con¬ 
cent rat too of rtewborn Is about 75 
mg/kg of body weight. A full term 
infant of 3 kg weight has about 
273 mg of Iron, ranging from 201 to 
372 mg of which 10-25 is stored ia 
the liver. 

N. B. 
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Fermissl^ 

txcruiw 

Arsenic (As) 


0.2 

Chromium (Cr he* 

KftvaknO 


0.05 

Cofpef (Cu) 

l.O 

3.0 

Iron (f e> 

0.3 

1.0 

Lnd(Pb) 


0.1 

Msigunese |Mn) 

0.) 

0.5 

Selenium (Se> 


0.03 

ZiiK (/n» 

5.0 

15.0 


Metal 

AfiimaK 
(dry »l.) 

Cual 

Ptoai* 

(dry »i.) 

Rock 

Sea Wtler 

Cadmium 

0.13 - 

3.0 

0.25 

0.1 • 

6.4 

HH 

O.OQOl 

Oiromuiin 

0.02 • 

1.3 

00.0 

0.1 - 

4 0 

too.o 

0.00003 

Cotaaft 

03 * 

4.0 

13.0 

0 2 • 

3.0 

25.0 

mwrram 

Gold 

Imi 

0.007* 

0.03 

0.125 

M A 

0.012 

30.0 

0.004 

0.00001 

0.3 - 

35.0 

5.0 

1 .a • 

12.5 


Muemy 

0.03 . 

1.0 

, , 

0 02* 

0.03 

0.01 


Nckd 

0.4 • 

20.0 

35.0 

1.3 • 

36 0 

75-0 

O.OD45 

Slim 

0.000* 

3 0 

OJ 

0.07* 

0 25 

0.07 

0 0003 

Thallium 

0.2 • 

lao.o 

0.05 -10.0 

1.0 • 

10.0 

0.45 


Vtnadiun) 

0.14 . 

2-3 

40.0 

0.13- 

5.0 

135,0 

0.002 


of carcinogenic, genetic and terato¬ 
genic effects of heavy meiaU is also 
very importaoi. 

However, at present the use of 
diffeitnl analytical methods and the 
lack of standardization severely 
hampers the inierpratation of the pub¬ 
lished data. As these heavy metals 
may be present in the environment in 
parts per million (p.p.m.). parts per 
billion (p.p^.)orin parts per trillion 
(p.p.t.) range, in future studies greater 
emphasis will have to be placed oa 
the analytical accuracy. 

Water pollution in Indb is steadily 
increasing around industrial arsd 
urban centres. Water pollution pro¬ 
blem today exists ia many pans of 
the country when almost none existed 
only a few years ago. Considerable 
interest Is currently being shown in 
heavy metals coDcentrition in the 
surface waters and particubrly 
In water sources and waste water 
effluents. Considering the state of 
water pollution in different parts of 
India, water quality standards have 
been laid down by the Ministry of 
Health with a view to protect public 
health and to save fisheries. The Lok 
Sabha passed on February 21,1974 
the Water (Preveotion and Control of 
Pollution) Act, 1973, which seeks to 
prevent and control water pollution 
and maintain wbolesomeness of water 
in the country. Under the Act, 
industrial and sewage plants will have 
to adequately treat their effluents 
before discharging them into rivers, 
streams and other water sources. The 
Act also requires boards to be set up 
for the prewntion and control of 


water polJution. 


Deleterious heavy 
metals 


T he heavy metals are those 
which possess a density 
greater than live. 1 ike other 
metals which are present in a 
hving system in (races, the heavy 
metals are also found in minute 
quantities in plants and animals. 
Bui heavy metals are more toxic 
than other metals Their presence 
in our body in concentrations be¬ 
yond a threshold limit produce 
advene effects. The metal ions 
have affinity for a wide variety of 
ligands which form an integral 
part of molecules of biological 
significance. Among them are 
lipids, amino acids, co^nzyrecs, 
enzymes and other (Mvteins. In a 
livijig sysietn, aikast following 
liprKls can be expected Co be 
present: -OH, < COOH, -PO,H| 
-SH.NH^ ^imidazole. The majo¬ 
rity of enzymes possessing -SH 
group (s) can inhibited by 
metals. The result is increase in 
the substrate concentration and 
altered physiological activity with¬ 
in the cell. Each metal is toxic to 
some partlcuUr organs. Forexam- 
pie, mercury is inoie toxic to 
kidneys. Metals like keH, manga¬ 
nese, iron etc., if present in the 
intestines in excess, form insoluble 
phosf^tes and interfere with 
phosphates absorption. 

7.. I 
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The limlu prescribed by ihe 
Ministry of Heilth, Government of 
Indii, for certain heavy metals in 
drinking water are given in Table I. 

DriiUcing water supplies in which 
any of (he above mentioned heavy 
metals is present in escess of the 
allowed concentration must be re¬ 
jected as until for human consump¬ 
tion. The limits for other heavy 
metals are not yet prescribed by the 


Government of India, as ihc problem 
has not yet been explored fully. A 
joint panel meeting between scientists 
of ICMR and CSIR held recently 
has decided to undertake studies on 
heavy metals in water and their 
health hatards. 

Determinirg heavy mcUU in water, 
like most trace analyses, is charade- 
Hsiically difllcuJl. There is no 
mafiual of standard pntcedurcs avail¬ 


able which could be applied to a 
variety of situations, 

Fwiher readiag 

1. Werner Stum m, Equilibrium Con• 
vepts in Natural Water Systems, 
American Chemical Society. 
Washington. O.C. Id67. 

2. McKee R Wolf, Water qualify 
i 'riteria. 


CONCRETE WITHOUT CRACKS (Can/iW/re«/«ge 27kj 


of uHimale load. Ihe curve deviates 
sharply to Ihe horizontal which 
results from extensive mortar crack¬ 
ing. A log stress-long strain plot 
reveals iwo kinks--(he lower one 
refen lo the onset of microcracking 


and the upper kink the critical point. 

Farther reading 

I. Journal of Enfinerrintt Minh. 
Oh., ASC i:, Vol June l%9. 
pp. 52l-^:t. 


2. Journal of Anteman Owvri-tv 
hu . Vol. 60. I'ehiiMi) I96X 
pp. 2M.224, 

.t Bfcsicr. Hofis (I'd ), Hcuiforred 
I'afurete I'nginerrini:. Veil. I. 
John Wi1e> 3: Son^(l974>. 
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Lightning and thunder understood 


L IGHTNfNC has been an object 
ot curiousuy. dread and reve< 
rcncc since limes immemorial. The 
ancient TulVdoro explain it as an act 
i>r God lor punishing (he evil. The 
Ihumier thni uevompuntes U is 
undcrsUuHl as the sound of God's 
whacking vvhip. Today, this divine 
act boils down to u trivial Kientilic 
phenomenon, (he comprehension of 
which requires only the brasstacks 
of physics. 

The glaring lla.sh, the subses^uent 
flashes: sumctimcH the accompanying 
boom; the rumble nr roar at other 
lin>c>. or no sound at al!—all these 
hapivnings can he easily explained 
ni one theory, which has received 
unanimous recognition only within 
the lust few decades. Nowadays, the 
basic lertets of this theory are not the 
issues lhai researchers debate on: 
the challenge is how to derive detail* 
c*d features of lightning from the 
thunder signatures it provides on 

(he ground. 

Th« Ugbtaing discharge 
Studies indicate that lightning 
and thunder have their origin 
in A charged cloud which is at 
an altitude of 5 km. The lower part 
of (he cloud is densely negative. 


and il is the upper part where the 
positive charge resides. The nega¬ 
tive region is disk*shaped.* whose 
diameter is usually 10 km and 
thickness 2 km. h has been obser¬ 
ved to be at -'ICf'C temperature 
indkaiing that the development of 
charge in a cloud is in some manner 
related to the freezing of droi^ts 
and. to some degree, the existence of 
ice as well. Although the potential 
difference between the negative cha¬ 
rge in the cloud and the ground is 
enormously high, about 300 million- 
volts. it is r>ot enough (o bring 
about a discharge. The spontaneous 
discharge that is perceived during 
lightning is. however, not an instan¬ 
taneous action but a result of chain 
phenomena that precede it. 

The first step directed to achieve a 
lightning discharge is called stepped 
leader. The free electrons in the 
water droplets are accelerated by 
tiK prevailing electric fields. They 
strike the proximate layer of air 
molecules to disentangle electrons. 
These, in turn, strike the subsequent 
air layer to disentangle electrons. 
Wherever one cascade of electrons 
loses Its energy, the subsequent 
cascade produced by it ukes «»‘er. 
thereby partially ionising the sub¬ 


sequent air layers. In Ibis manner, 
a partially conducting path for the 
dischar^ is produced till the air 
layer proximate to the ground is 
readied. The conducting path 
taken by the charge from the cloud 
is highly irregular and forms many 
branches. As the charge reaches 
close to the ground, the rise in 
potential difference (Le., voltage per 
unit length) between the charge and 
the ground causes the objects that 
are much above the ground to spark. 
As soon as such a spark meets a 
down-coming charge cascade, a 
single flash, a surge of current, 
connects them. Ii is called the first 
return stroke. The time taken 
for the production of this electric 
channel is 20 millisecond; the return 
stroke takes few tens of niicrosecond. 
This accounts for a lightning dis¬ 
charge. Usually there is not a single 
flash but 3 or 4 or more, though 
the first one it the most powerful. 

Hitherto only the negative region 
of the cloud look part in light¬ 
ning. As the diKharges continue, 
the upper positive region of the cloud 
joins the fray. The subsequeot paths 
for discharges are created by dart 
leaders. These form the paths in 
the same manner as the stepped 
leader except that they reach the 
ground qukklier. within tens to 
hundreds of milliseconds. This is 
because the path eslablislicd by the 
stepped leader is followed by the dart 
leaders. Once the conductive channel 
from one region of the cloud to earth 
has been established, there lies no 
difiiculty for the charge present in 
othet regions to discharge through 
the same path. Actually, the dis¬ 
charge from one region of a cloud 
triggers off the rteighbou ring regions. 
So. as if in a queue, the discharge 
from ouc region of the cloud climbs 
down the path to be absorbed by 
earth, to be followed closely by 
another discharge, and so on. 

The acMstic aigaal 

The channel for lightning created 
by the stepped iMder or dart 
leaders is partial ionisation of 
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tir. It be«ome» conductive Uke 4 
oaetal wire to u hifb discher^e of 
elcctri d ^. When electricity trmverm 
Che chiniiel. it impirta energy to it» 
which retults id heeling the chinnel, 
while the presMire ilso rim. Spec* 
troKOpic itudiee rtveel thil the 
tempenture io the chaonel rtm to 
30.000 ”C tod the pressure exceeds 
the atmospheric pressure by 10-100 
atiDotpheres. This high lempeTature 
tod high pressure core of the channel 
expands ax • shock wave. Because 
of the property of shock wave that it 
compresses and heau the surround¬ 
ing air. its velocity is hi^r thin 
that of an acoustic wave (as the 
velocity of sound in a medium increa¬ 
ses with temperature and compres¬ 
sion). As the shock wave expands, 
the air behind moves outwardly 
creating low pressure in the chinnel. 
The09%of its energy the shock wave 
dissipates to (he surrouDding air and 
only 1 % to form an acoustic wave. 
Though the latter part is negligibk. 
it is enough to create the loudest 
sound made by a nituril pheno¬ 
menon. 

Alter traversing some distance. 


the shock wave, having lost its energy, 
relaxes. This distance is called the 
relaxation radius (of the circle whose 
centre is the originof the shock wave). 
The relaxation radius depends on 
energy per unit length of (be lightning 
charge and the ambient pressure. The 
wavelength of accoustk wave thst 
thereaAer lakes over also depends 
on the same factors. The more 
powerful a lightning stroke, or lower 
the air pressure, (he lower is (he 
wavelength or pitch of the acoustic 
wave. i.t.. the thunder. 

]| is tppareni from above thi( 
every lightning is followed by s 
thunder, then why is it that sometimes 
a rumWe Is heard, sometimes a clap, 
and on rare occasions nothing at all? 
This depends on two factors—more¬ 
over. two factor group of chirac- 
(ehstiea—where the listener is with 
respect to the lightning in the first 
place and in the second the atmos¬ 
pheric conditions about him. For 
understanding as to how the first 
group of charactenstics aflMl the 
sound, the channel of a lightning 
flub needs elaboration {Scitntific 
Americon^ July 1975). 


The llghmlng chaaid 

A lightning chanrwi is not preci¬ 
sely a 2 iz-mz path, it is tortuous— 
straight segrnents separated by sharp 
bends. The tortuous elements in s 
channel are of three kinds: 

(1) MicrMoriuctu e/emenr (usual¬ 
ly 5 metre in length). As it is 
usually smaller than the relaxation 
radius, (he shock wave blurs the 
acoustic wave. In the thunder signa¬ 
ture its contribution is dilTicult to 
detect. 

(2) Mesofcrtuoiu ihment (usually 
S-100 metres in length). These are the 
primary radiators of the acoustic 
waves. From (he laboratory expen- 
menu on sparks, it has been observed 
(hat (hey dissipate, on an average. 
t0% of (heir energy confined only 
to a cone of solid angle 60^ whose 
axis is perpendicular to the spark. 
A microphone placed end-on to ■ 
spark receives much less sound ol 
the crackling it produces than by 
a microphone placed broadside-on. 
Exactly the same principle applies 
to a mesotortuous clement. 

The mesotortuous elements are 
generally inclined to each other at an 
angle of 16*. Consider, then, such 
a chaonel of mesotortuous elements 
(Fig. 1) and two listeners, one broad¬ 
side-on (0 it and the otherend-oit The 
maximum amount of energy from the 
elements dissipates in a sol^ angle of 
60* as aforementioned; this may be 
assumed to ftow along the axis. 
For the listener A the pulses of sound 
energy from various elements would 
reach simultaneously, while foi 
listener B. the pulses would reach in 
scries. In the former case, a power 
ful thunderebp would be heard 
and in the latter, a roar of tbundei 
lasting some moments but of s 
lower pitch. 

(3) Macfolortuous Wemenr (mon 
than 100 metres in length) . Meiotor 
tuous elements are like pearls strunj 
i& a macrotortuoui element. EacI 
pearl being a source ofacoustic wave 
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the ipitial amniement of the ele- 
meat* therefore, deterou&cs whether 
•0 obierver of the lightning iUih 
would hear a thunderc^p or a roar, 
in the same maooer ai in case of 
mestortuous elemeau. 

Atmoipherie factera 

The atmospheric conditions that 
pmvail between the lightning ehannel 
ind the littcner affect the sound in 
the foKowing manners. 

(1) AltenuaUQn. A sound wave 
is changed by the medium in many 
mpects. viz., iu amplitude and 
w'avefom. The change is not same 
for waves of different frequencies and 
implitudes. The facton which 
bring in the changes are the viscosity 
and molecular density of the medium, 
rhe former, which is due to the 
slasticity of the medium, affects a 
wave in a simple manner, but the 
latter affects in a complicated manner. 
Because of the presence of molecules 
n the atmosphere, the attenuation 
7f sound is a result of the interaction 
setween the acoustic energy and 
he vibration of water and oxygen 
nolecuks. The attenuation increases 
vith the square of the frequency of 
he signal. However, by knowing 
he temperature and humidity along 
he path travelled by the thunder, 
he attenuation of a thunder signal 
an be calculated. 

(2) Scattering. This is the result 
f a highly unpredictable quantity 
tduch ariies due to the eddiet and 


turbulence present in the atmosphere. 
These disturbances vary in sine from 
a mkroscoptcaily smatl eddy to the 
size of a thunder storm cell. The 
maximum amount of scattering it 
produced by that disturbance whose 
size is equal to the wavelength of the 
thunder signal. The scattering is 
higher for high frequency waves. 

Scattering of the wave is also tbt 
reason as to why sometiines thunder 
signals are not audible. In such 
cases, the bw frequency waves, which 
are less scattered, are absent and 
such a thunder can only be heard in 
close projufflity. 

(3) Jiefracticn and rtfttctUm. The 
refractbn of a sound wave arises 
due to temperature and wind vnria* 
tion in its path, ft is a well-known 
fact about the atmosphere that with 
altitude the temperature decreases 
and the wind vebdty increases. As 
the velocity of sound increases with 
temperature, the inclination of a 
dowacomiog thunder signal b up¬ 
wardly directed. Moreover, if 
direction of the wind is same as that 
of the thunder signal, it adds to tlk 
refraction and. if opposite, subtracts 
from it ( Fig. 2). 

When a sound wave gets reflected 
by the ground its frequency b not 
changed, except when a part it is 
absorbed by the ground. Theabsoi^ 
tion increases with the increase in the 
frequency; for a bw frequency 
sound, the absorption is almost mro. 

It is apparent from above that a 


thunder signal that is beard is eithr 
a reflected one or a combination c 
the direct signal and a reflected on 
In the latter case there are chancr 
that the listener may not bear ao 
sound ai all or a louder one. depen< 
ing upon whether the direct an 
reflected signals add destructive! 
or constructively. , A person wi 
also not hear a thunder signal whe 
it passes over hb head. 

The dmsi reeewstroetba 

By keeping an array of mbrophone 
at various places, then noting tb 
signature of the thunder and the tim 
it took to reach the microphone, i 
is possible to trace sU origin. Thi 
data in coUaboration with lb 
knowledge of the mathematics 
model of the auni/sphere fby knowin 
the atmospheric conditions), th 
entire lightning channel can b 
reconstructed with the help of ^ 
computer. It has been observed lha 
except a few small branches of ih 
channel whose contribution to thun 
der signal b not apparent, the entir 
lightning channel can be reconstruc 
ted. This method helps in tracinj 
the channel in the clouds wher 
photographic and other optkn 
methods are futile. From thb data 
it b also possible to ascertain th 
process which enabbs a cloud U 
acquire charge, the volume to ston 
it and the time it takes for replenish 
neni after a discharge. 

DiUf M. Salw 
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Holography—photography 


without 

^AK yoy irntgiae t phologrtph 
^ obaiaed without uiog a camera 
f A lens that can be tOTB into pieces 
nd yet each lodtvidimi piece pre- 



(b) 

1%. 1 


erving the originaJ iceoe to ihite 
ioieoiioas? AU this and much 
aoie ii possible by osiog the hi^ily 
ohecent light pn>duced by laser in 
Dovd photographic proc em caQed 
lolography. In ordinaiy photogra- 
)hy, light wives reflected froai a 
Firee dimenaiooal obfectait focussed 
yalensof acuaeraona ligfat-seiisi* 
iwe plate which records the scene as 



H U 


LSeLnser Sourec^OsObftct 
H s Holograni»Ms Mirror 
VM. 2 


tS H 



V 


LSsLascr Sewrxr^HsHolagrWii 
r«PhMafruph« Filni«VsVinoe< 

fk> I 


camera 

a two <flaieBsioBaJ image. Instead of 
recording the actual ima^ of the 
olgect* hofegnphy rcconb the ob- 
ject-reflecsed U^c waves. The light 
wires ire recoided by **con$tnicting*' 
an interference pattern of the ob^- 
reflected wave-front with a direct 
ware-front fmn the same source. 
The srare-froat reconstraction pro¬ 
cess wu discorered by Demis Gabor 
ii 1947 while working at (he ImperisI 
College of Science tod Technology, 
London. The inrenlioa of laser in 
1940 as a aource of coherent light 
wives his led to the esploilitioo 
the proc ess in i btg way. 

The basic holographic process 
gf Ulufliiaatiog an o bj ect 
whh 1 luer soorce and positioning a 
photographic plile » as to l e ce i re 
the reflected fight A nifror is ured 
to beam i poftkMi of the laser light 
direct to the plate* bypaswng Che 
olgecL The film records the ware 
pattern of both the direct and the 
re flecred laser benaa. Ai inrerfeieoce 
pattern to born is cafled i bolo- 
gnm. 

To un der sta nd how the object- 
reflected and direct waves interact, 
take the simple ore of two phne 
wires derived from the mme souree 
aod meeting each other at an angle. 
The ptane wives cm interact in two 
different wiys (Fig. t (a) sod (b)). 
At some places the wires airire 
in phase aod their amplrtudes leio* 
foree each other (mode a). At other 
pbeesthe mvesareootof phase and 
tteir amplftuda caned each other 
(mode b). Mcafas (a) and (b) are 
edied the constrtictrre and the des- 
tructrre modes of iaieraction. They 
p rodoce 1 bfi^tter and duker area 
re sp e cti rely in coapnriMMi to the 
CMe where only either of (he wares 
is acting The nnres itteifere to 


produce a uniform fringe patten 
(a set of altemste bright and darl 
areas) the spacing of which depend 
on the angle between the two wares 

A three dimensionsl object can b 
regarded as composed of poin 
obfceti plsced diflereotly in space 
The ampliludesof wives reflected b 
viriotts point objeds vary. Th 
pbces where interfering ware 
(direct and object-reflectH) hav 
greater amplitudes show hi^mr con 
tnst between (he bright and th 
dark fringes. Since the angles o 
incidence of waves on the recordinj 
plile vary, (he tpneings between tb 
dark and bright frin^ also var 
because the angle between the inter 
acting wares detertnines this spncioi 
So all the information about th 
different points in the three dimen 
wonal object is transferred to th 
holograin in ternu of viriationi ii 
contrast and spacing of the bri^ 
aod dark frio^ pattern. Ware 
reflected from difierenl points on Ih 
object carry this infonnatioo in (h 
form of varritioD in their amplitude 
and angles of incidence. 

A hologrem made in this wa 
resembles an irregular grating. Jut 
as a nomber of plane waves nr 
* generated on iDumioatinga uaiforml 
ruled grating, an irregular ware 
front ts ^neraied on tlluminaong tb 
hotograrn with monochromatic oc 
hereot light obtained from lasei 
This generated wavefront is a re 
constructioo of the original ware 
front that had formed on reflectio 
from the object* aod has all th 
properties of the original. By simpi 
illuminating the holognm with liae 
light, die original 3D scene can b 
reproduced as and when desired. 

'Hie image aeeo through the bok 
gram is caOed the virtual ima^ an 
one feels as if the hologram is 
window throng which the whoi 
three dimensional scene is visiM 
The image bu all the qualities of d 
original scene ioduding the paralli 
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:iTects» ie., if the viewer shifts bis 
Msition, the relative view of the 
picture also chants as it tvould if the 
'iewef were looking at the original 
cene. If some object is obsinicling 
he other in the scene, the viewer can 
lave a look at (hat object by chang- 
ng his position. Further* unlike 
irdinary photography, where a point 
the photographic plate receives 
ejected light from a single point of 
he object only, each point on the 
Kilogram receives light from all the 
tuns of the object. Thereforeitvena 
mall part of the exposed plate (holo- 
:ram) contains information from the 
ntire object* and on illumina- 
ion reproduces the entire scene 
/tih a reduced resolution. Holo* 
raphy has an advantage over the 
onventional photography in that 
hologram cannot be immediately 
ecognisedfor security and espionage 


r ITAN* the moon of Saturn, 
with a diameter of 4SOOkm is 
ne of the largest satellites in the 
ohir system. We know little about 
Ids Mtelliie. Jt is not easily observ- 
bie from the earth as the comparably 
igger sitfd planets Mercury and 
tar arc Some newly built telescopes 
ave revealed timt Titan has an 
imospherc substantially more mass- 
VC tiian that of Mars and perhaps 
i milar to tliat of earth with unknown 
omposition. 

Tiun never comes close* than 
184 million kilometers to the earth 
lut it has its angular diameter less 
Kan 0.8 seconds of arc. which is just 
learly resolvable with moderately 

ifge telescope under excellent seeing 

onditions. 

The stud\ uf Titan's atmosphere 
; not new. In the last part of toe 
St decade of 30lh century, Spanish 
stronomer Jose Comas Sola ob« 
; r VC d it a (Barce loan a nd poi nted out 


purposes and nobody would like to 
pay much alientioD to an ai^rtoily 
meaningless pattern which may be 
torn or crumbled, and needs only 
illumination by a laser light for vital 
infornulion. 

There are many other useful appli¬ 
cations of holography including 
three dimentional TV and motion 
pictures. Recently, a rww form of 
holography—acoustic holography— 
has been developed which uses sound 
waves instead of light waves to record 
an original hologram. This holo¬ 
gram can be illuminated with light 
waves from a laser source to give a 
three dimensional pkturt. The main 
application of acoustic holography 
is expected to be in surgery and 
technology because sound waves can 
fieneirate opaque objects like living 
tissues and metal structures. 

B.C. Skaama 


that the dark limbs of Tiun and 
transient light patches on its tiny 
disk indicate dense atmosphere. 
This view was supported by G.P. 
Kuiper of U.S.A. in the 1940s when 
he discovered methane absorptions 
in the spectrum of Titan during a 
systematic study of the spectra of 
satellites in the solar system with the 
new McDonald Observatory 82 
inch reAcctor. In the 1950s multi¬ 
colour pholoelecsrk photometry of 
Titan by Kuiperand Haris 111 showed 
that the orange colour of Titan is 
similar to that of 1o, the innermost 
Galilean satellite of Jupiter* and the 
equatorial belt of Saturn. To find out 
the origin of the orange tint of Titan, 
a number of scientists made extensive 
investigations. They showed that the 
distinctive wavelength dependence of 
Titan's reflexivity can be used to 
detect the nature of the reflecting 
layer but in the absence of direct 
spectroscopic evidence the mystery of 


the origin of orange lint of Tita 
remains still unsolved. There is son 
spectroscopic evidence to sugge 
Thai the reflecting surface is solid 

From studies of the linear polar 
satioR of the reflected light, 
Veverka of Cornell University an 
B. Zellner of the University c 
Arizona reached identical cone!usior 
which arc contrary to the idea that th 
reflecting layer is solid. The dat 
obtained indicate that the visible ligl 
from Titan must be reflected from a 
opaque layer of clouds, perhap 
similar to the cloud layer on ^tum. 

In 1971* L. Trafion of the Univei 
sity of Texas, tentatively discovert' 
the S(l) line at 8151 A° and in 197 
S(0) line of Ht at 8272 in th 
spectrum of Titan. This bistori' 
discovery led him to proclaim that th 
atmosphere of Titan must be eigh 
times more massive chan that previo 
usiy ihoughl. At the annual meelinj 
the Division for Planetary Sciences o 
of the American Astronomical Socle 
ty held at Hawaii* he reported slron; 
absorptions in the far Infrarei 
spectrum of TiUn. which means Ihi 
presence of another gas. Trafton doe 
not consider this new gas to b 
methane because individual methaiv 
features are not enhanced in Titan’ 
atmosphere. 

In 1971, D.P. Cruikshank and D 
Morrison of the University of Hawaii 
in collaboration with K.E. Murphy 
made an entirely diflerant approacl 
to study the atmosphere of Titan 
They measured the thermal radiatioi 
from the satellite in a broad spectra 
band centred at the infrared wave 
length of 20 microns. The observec 
temperature is much lower that 
expected. This low temperatun 
implies an opaque ata>osphcrc of thi 
satellite. However* the temperatun 
at shorter infrared wavelength h 
higher. This opacity of the atioos 
phere at 20 microns is supposed to bt 
caused by molecular hydrogen a 
high pressure, since methane has u 
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Tong tbsorptions at wavelengths 
»Dger than about 7 microns. 

C. Sagan and G. Mullen of Cornell 
(Qiversily calculated the abundance 
r H|» which is 10 times more than 
idtcaled by Trafton's spectra. This 
irge abundance ofH, is not expected 
1 the atmosphere of Titan since an 
bject of the size of Titan should not 
ossess such a light atmosphere, 
b solve the problem, D.M. Hunten 
f Kitt Peak National Observatory 
f the U.S.A. has suggested the pre- 
mce of nitrogen in the atmosphere 
I a pressurising agent to induce the 
;rong absorptions in the hydrogen 
and. He further notes that ultra- 
iolet photolysis of Titan's methane 
nd a probable small amount of 


asamooia, together with observed 
hydrogen, could produce a surface 
layer of hydrocarbons, kerosene arsd 
tar. possibly floating on a layer of 
liquid water. However, at the Hawaii 
meeting many scientists presented 
their latest resulu and discussed (heir 
findings without any agreement on 
the composition or extent of the 
atmosphere of Titan. But all of them 
arrived at (he same conclusion thut 
the atmosphere of Titan is a 
remarkable one and is surprisingly 
large too. 

S. KAaxKMf 
Orptt. t>f Mathrmatux 
Univ. of M’. 
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Balanites roxburghii as a source 

of diosgenin 


D iosgenin, a steroidal sap<K 

genin, is the starting material for 
le manufacture of hormones which 
re used for making pills or tablets 
rescribed for family planning. In 
ndia diosgenin is obtained mainly 
rom wild species of Digseorea, 
ommonly D. deftoidto and Z>. pro- 
tri. which contain 3.50% and 
:.I0% diosgenin respectively. These 
slants are found in (he Himalayas. 
Vith increase in demand and no se- 
to us attempt to cultivate or con- 
erve diosgenin-yielding Dioscorca 
pecies. the natural resources are 
leveling. For family planning 
irogramme and for preparation 
>f some other medicines, demand 
or diosgenin is likely to increase, 
fhere is shortage of diosgenin 
verywhere in the worid. To 
obtain dlsogenln researches are being 
arried on in two directions: (1) 
0 cultivate vanous diosgenin^yield* 
ng species, and (2) to find out the 
ikematlve sonrets for the diosgenin 
>r the analoioui chemictls from 
)lanu. iflimalt or by synthesis. 


India, with her vast resources of 
vegetable wealth and varied clima¬ 
tic zones, can tackle this problem 
effectively by relying on her plant 
sources. For this, efforts are being 
made to cultivate OioKorra. which 
has been uneconomic so far. The 
National Botanic Garden. Lucknow, 
has developed a method of culti¬ 
vation of DioseprtQ by a tissue culture 
technique. This technique is said 
to be economically feasible but even 
(hen the problems which are likely 
(0 be faced are: (I) development of 
the tubers takes 3«4 years, and 

(2) the crop exhausts the soil of its 
nut Kents. It is probable that like 
some saponin •containing legumes, 
the roots of iMosrorra secrete some 
phytotoxins. 

The alternative plant sources of 
diosgenin are: 

(1) Methika {Trizonelh foenum- 
groecum). U a cheap and easily 
available plant. The Indian com- 
iwrcial samples yield about 0.7% 
(Puri, ft af.. comm.). 

(2) Fruits of various Sotorsum 
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HINGOT 


l*(u I 

specie s. pa rl k uki rl y S. k ha ^ionum 
contain vote sod me which is ai 
analogue of diosgenin. 

(3) xprdoMts cun grow a I 
over the plains of India. Perfume 
arc alvii derised from this plant as i 
byproduct. 

(4) Bt/hnrfvxin India are re pre sc r 
ted by only one s^<cics, idenlifiei 
sometimes as B. roxburghit. Som 
authors consider it same as ih 
African species B. >4cgyfifiaca. Rc 
cent researches at Kew Garder 
(England) have shown that the vali 
name of Indian species is B. roxbui 
ghii and is difTerent from the Africa 
species. Some boianisU pbex th 
genus in the family Siniiirubace:i 
white others in Zygophyllaceuc. 

is a spiny bush or small tree (Pig 
found In I he arid zones of westet 
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laryAu, Delhi, SiJ^kim, central and 
nuth India. 

The plant was well-known in an¬ 
ient India and its seed oil was used 
y hermits for iUuminauon. In 
Lyurvcda and fotklore medicine, the 
ilani is known as "Hingot*. Its 
ark. leaves and unripe fruits are 
ised as purgative. Seed is used in 
espiralory ailment and its oil 
i applied on bums. A cracker is 
lade by digging a hole in the fruit 
nd then filling it with explosive 
nixlure. 

In a UNESCO study in I960, it 
as been said that the plant can be 
f immense economic importance in 
rid zones. The fruit is a plum- 
ike drupe with a soft edible pot¬ 
ion surrounding the single seeded 
lard and woody stone. The kernel 
i rich in food material. It contains 
fatly oil and 

Totein with fairly high lysine content 
Misra et o/.. 1975). The kernel con- 
sins 0.61% diosgenin. The main 
problem in the utilization of the 
ruil is decortication which has been 
olved by Hardnun and Sofo* 


[ N many crops the male repro¬ 
ductive parts (stamens) are 
>oorly developed or aborted so 
hat no viable pollen is produced, 
fbis condition is known as male 
terility. It does not occur as a 
bance factor but is a definite genetic 
haracter. Male sterile i^nts arise 
»Aly sporadically in populations of 
10 th self and cross-pollinated spe- 
ies, presumably as a result of 
nutation. Although such mutations 
re undoubtedly deleterious in natu- 
al populations, they are interesting 
nd useful to plant breeders, because 


root o( this plant has been nb^ec- 
ted to detailed in^vtfi^tioo by 
Puri ft aL, and the rcsalta appear 
promiring. The dry roots lees than 
0.5 cm thicfc were found to contain 
2 . 20 % steroidal ttpopreia with diow 
grain to yamopeain ratio of 9:1. 

The easy and abuodaBt avmOibi- 
lity of Baiaiitattid hi^ yield of dioa- 
genin in it shows that at least in 
India it is a better sobstihrte for 
Dioscoff^. The root of this ptant 
can be easily Gollected by removing 
the soil and trimming the side bran¬ 
ches to allow the remaining main 
roots to regenerate in the coming 
yean. Moreover, fruiu may also 
be collected for fatty oil and protein. 
Diosgenin in fruits would be a by¬ 
product, as is the case with hecogenin 
in vtgnve. As the plani is found ia 
backward areas, its colfecUoa and 
utilization on scsenrific Unet has an 
immense job potential and would 
provide the oatioo three esrentia] 
items: ^ 1 , protein and diotgenm. 

PtAJ 

Dfptl. tif Botmf, Vmf. 
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lating (removal of male part from 
a bisexual flower) pUnts genetically. 
This simplifies hybrids making in 
thorn crops where the cost of hybrid 
seed production is prohibitire. 

CaM ef pallca i^retisn 

Dr. S.P. Sin^ (Botooy Depart¬ 
ment, R. 8 .$.CoIle 9 , Biclq^ Agn) 
and E>r. Henry H. Hadley, whfle 
working at the Department of Agn^ 
nomy, University of Itthiois Urbaaa 
(U.$.A.) were the first to study 
the mechanitfi of pollea abortioA 


m male sterile sor^um. Mwplu 
logical and cytological studies < 
the anthers in fertile and steiH 
rdants kd them to conclude thi 
gene action controls the bebav 
ov of tapetal cells (tapetum i 
the iOBennost layer of anther 
sporophytic tissue. It supfdies dui 
ritioo to developing pollen grain] 
iri uch are present inside and i 
the process it is compleiely at 
sorbed and results in degeneratio 
in mature anther). In male sterit 
plaots, the tapetal cells remaii 
healthy and persistant and d 
not apply nutrition to devclopin 
poOeo grains. Similar studies oi 
pollen abortion were later con 
ducted by several workers at R.B.5 
CoHege, Bicbpuri, Agra on sereri 


-t*:* 


Male sterility can be groupei 
into two main types: spontaneou 
(naturally occurring) and induce^ 
(artificiaUy produced). 

Spattasuus mrie stccflity 

The known instances of natu 
rally oocuning male sterility can b 
divided into following three type) 
according to Uieir control nsethoi 
(Fig. 1). 

Gwifttc matf sterUity. Male steri 
lity depending upon a single geo 
has been found in many difierexi 
crop ^recies such u tomatoes, bean 
aad barley. The sterile conditioi 
is ordinarily recessive and the mal 
Werfie stock is maintained by crossin 
male sterile plants with heterozygou 
fertik plaots. Half of the progen 
is sterile and half heterozygou 
feitOe. The main difficulty in hand 
ling this type of male sterility i 
that the screening of male Mril 
aad fertOe pUots has to be doo 
every year. 

Cytoplapnk male steriliiy. Thi 
type of male sterility depends npo 
cytt^koiic factors. Plants OLrryin 
a partkokr type of cyto^asa ac 
mak sterik but will pr^uoe reed i 


vara (1972) in B. oegyptiaca. The 

Male sterility and hybrid 
seed production 

they provide a means of etnascu- 
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ollintkd with fertile pltnl. The 
ybrid seed thus produced will give 
isc to male Mrile j^nts only, 
luce Ibeir cytopltBin is derived 
ntirely from the female parent 
'his type of sterility is easy to haodle 
od has real advantage in those crops 
'here seed production is not desired, 
^ruin omamenial crops, where the 
esired character is blooming for 
>iiger duntioQ, and some commer* 
iil crops such as onion, where the 
nderground bulb is of economic 
alue, have best use of this type of 
teriiity< 


Cytopt(Utmc»genetic male sterilit/. 
This type of male sterility is most 
important and is found in many 
commercial crops such as wheat, 
sorghum, bajrm, linseed, onion, 
sugarbeets, rye and cotton. A specific 
(called sterile) type of cytoplasm 
in combination with a specific 
cessive for fertUlljr) gene causes male 
sterile plants to develop. When 
crossed with male fertile plants, the 
progeny results in fertile, sterile or 
both types of ^ants depending upon 
the genotype of the pollen parents. 
TboK plants which are capable of 


producing fertile progeny are called 
'restorer* (which restore fertility) and 
those which do not produce fertik 
progeny are called 'maintainer 
(which maintain sterile stock). 


Isdnced Mk Mrlllty 

While studying the effects of plan 
growth regulators on certain cro] 
plants, H.Y. Mohanram and ?.N 
Rustogi working at Botany Depart 
ment of Delhi Univenity first not^ 
that certain chemicals can indue 
male sterility. This type of mal 
sterility differs from the sponUneou 
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nt ia that it u only of temporary 
Ature and remains effectivt dll the 
Rect of the chemkal tasU. Much 
^ork OQ this type of sterility was 
arried out at R.B.S. Coliepe, Bich* 
uri, Agra but the final coodusion 
ras that this type of sterility is 
Illy of academic interest and cannot 
e utilized commercially. 

lybrM aead prodsctloo 

When two unrelated plants (eco* 
rpes. varietiei» species or genera) 
re crossed, the resulting offspring 
I called hybrid. It is generally 
srved that the hybrid progeny shows 
lore vigour (called hybrid vigour) in 
ooiparifon to its parents. Hybrid 
igourcan be manifested in a number 
f ways; increased yield, greater 
ssistance to disease and insects, a 
horter growing season and better 
sed (milling or baking) quality. 

To exploit hybrid vigour (heteroeis) 
1 a commercial crop, and to produce 
ybrid seed on a large scale, the 
rchnique of hybriduation (the pro- 
esi of producing hybrid by artificial 
rossing) should be revolutloaized. 
lus has been achieved in two major 
rain crops: corn and sorghum, to 

lesser extent in bajra also. Other 
nportant crops are handicapped by 
heir particular floral characters. For 
sample, com, sorghum tod bajra 
ra mainly cross-pollinated crops 
rhile wheat is 100 per cent self- 
tollinated. In a self-pollinated crop 
ike wheat, a sio^e ^brid seed can 
« produced by removing all the 
' stamens of a floret with a forceps 
nd later dusting pollen from the 
»tlier plant on tU stigma. Similariy 
Q linseed S stamens are removed 
ind the stigma is polUnated with 
breign poUenu To ensure success, all 
beie operations must be executed 
rith great care. Obviously, commer- 
ial quantities of hybrid seed can- 
tot be produced in this manner and 
oafe sterility has to be utilized for 
be pufpoae. 


HybrW wheal protette 

Many varieties of wheat already 
under cultivatioa are often incorrect¬ 
ly referred to as hybrid wheat. 
Most Dodera varieties are 'pure line* 
selections from the origioal hybrid 
cross for six, seven or more yeare, 
but they are not true hybrids. 
Further, hybrid seeds are. utilized 
only in one crop season, and for 
every other crop reason their 
stock it to be obtained or pro¬ 


duced afresh. 

Cytoplasnic genetic type of male 
sterility has been utilized for hybrid 
wheat production. The Japanese 
investigator H. Kibara (Director, 
National Institute of QeoeCica, 
Misima. Japan) first isolated in 
1951 the cytoplasmic male sterility 
in wheat by crossing bread wheat 
(TViVfden aetlifum) with a wild 
relative of wheat called goal grass 
(Afgilopi canJaia). In 1961, J.A. 
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/ilson and W.M. Ro<& working at 
le Kansas AgncuUural Experiment 
cation (USA) obtained a stable mak 
erik line by crossing Triiirum 
mophfevi with T. aesfivwn (variety 
ison) and called the male sterile 
ne as *nule sterile Bison'. The Bison 
ariety was used as maintainer line 
nd the search for good fertility 
(storer line continued for several 
ears. At last fertility restorer genes 
«re found in a variety called 
Primepi' wheal by E. Ohier and M. 
ngold of Prance. 

lethod of breeding 

When the discovery of fertility 
cslorer gene has been made, all the 
ecessary re<tuiremenis for hybrid 
ced production are present. The male 
terile line is crossed with the resto- 
er line (A) and in subsequent season 
he hybrid seed progeny is tested for 
lybrid vigour. If the combination of 
nale sterile line and restorer variety 
A) shows desired vigour in the 
iybrid» it can be utilized for cooimer* 
lal purposes, otherwise the fertility 
estoring gene can be transferred to 
ome other desired variety (B) by 
»ckcros5 method (Fig. 3). As soon as 
i desired fertility restorer variety is 
)btained. it is utilized as male parent. 

In the held, hybrid wheal is 
>roduced by growing alternating 
(trips of the male sterile and fertility 
'cslorer lines. Cross-pollination of 
the male sterile plant is effected by 
wind borne pollen from the restorer 
plant. The seed produced on male 
sterile I i ne is collected because it is the 
hybrid seed. In separate fields, male 
sterile lines are alternated with main- 
tainer line to maintain the male 
sterile stock for the next season. 

Problems of hybrid wheat gradtiin 

There are several difficulties in 
producing hybrid seed of wheat which 
arc faced by a plant breeder. The 
first difficulty comes when the male 
sterile and fertile lines bbom atdifle- 


real times, with the result that p<d]i' 
natron becomes dilhctilt. Another 
diflWully is that the Aurtis of male 
sterile line do not widel) open ami 
the seed setting is further reduced 

The major problem k ihac of 
pollen grains. Wlwat i% strK'tIv a wif* 
pollinated crop and adequate pidicn 
is not found in the held to p«dliiktU 
all the floret' of the male sicrik 
line. In the warmer climate, hs m 
India, the viability 4>f pollen in very 
little IS compared to the cold climate 
countries. This short spun of life 
poses still great difficulty when strung 
winds cause further reduction in 
viability Too much rainfall or fog 
at the time of anthesis also impedes 
pollen dispersal. Under these condi¬ 
tions. pollen is washed down or made 
so soggy that it fails to become air 
borne. 

m««rhyWd nhnt 

In comparison to com, sorghum 
and bajm, the coal of hybrid wheat 


ought t<» he high. The hit’ll piuv ol 
^ed ciin K* ;itccpt:i^'l<* >'iilv (i ’r 
provides grcdkr return \xt um' lU 
fund rcsuhing fruiTi livhiiil vi^kMii (mkI 
e Ificie ni mu m ge me n i 1 1 u’ i c m <1 v i1 d 
is nui the onlv entciiii ni.ikin^ it 
pti|>ulur hui It should als«> coni.iiu 
)!4 kh 1 .igronomit and c|u:iI lls vhur.u 
Ic f s The u nvoii ic t h.i r:i ct e i s 
like ubihty to resist diseiises, insects, 
Uxlgini: ;ind drought combined v.ilh 
high protem conic lU. good wuier 
absiirhinp ;ind gas rciaining propt r- 
tics of the flour, wdl also rc'iih 
in g<Hid quality of foddci. 

In the United Sinics and Canada 
hybrid «hcai product inn programme 
is in progress and M>ir>c of the 
private ond federal seed companieii 
are prt>ducing hybrid seed. In our 
country the lime is too fur when our 
rarmcr will sow hvnnd wheat in ho 
held. 

SaI Yl NORA Kt^MAH 
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Microbodies in plants 


C YTOFLASMIC panicles of 
0.5p to l.5p in size have been 
known lo exist in animal tissues for 
somelime. The term 'microbody' 
was introduced lo describe these 
poitidea. These were believed to 
be ancestral respiratory ptnides. 
considered as **fossil organelle.*' 
rtRMioing from the lime when life 
originated under anaerobic condition 
(C. deDnve. and P. Baudhin. 1966. 
U.S.A.). Tbftr existence in plant.< 
has o^y recently been discovered 
with tiK help of electron microscopy. 
In plants most oAco the profiles of 
tl» microbodies are nearly circular 
with diallers ranging from about 
0.2|a to l.SKFip f a 2). Microbodies 
are widely distributed in higher planiv 
Among tower planU electron •micro- 
photographs of alpe have renaled 


such microbodies in Porphyru/ium 
^rippxiflh. C Mordh. fu/ffU-na 
Chlwnnliminnas. Muni\fcrut\, Nifvth 
and Kfrhsarmiiiium. They also occu 
in fungi. 

Microbodres in animal am 
plant cells arc separated from thi 
general cytoplasm by a single mem 
brane. They contain an amorphou 
matrix and. in some cases, a para 
crystalline core or other types o 
electron dense inclu'ions. In anima 
microbodies. the core contains a 
of the unisc-oxkUse activity. Micrr 

bodies differ from mitochondrir 
Microbodies have a single boundin 
membrane, whereas mitochondri 
have a double membrane. Ribosomt 
parlicks and invagination of th 
cristae occur in mitochondria bi 
microbodies donoi conutin eithe 
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4 Uocho 2 iJria conserve biochemical 
nergy ti ATP (adenosine lriphos« 
hate) whereas microbodies flush U 
ut. Inmicrobodics pho&phorylaled 
jrms of substrates have not been 
)und. 

In plant tissues there are at least 
wo types of microbodies: glyoxy^ 
smes iind peroxisomes. They arc of 
imi lor morphology hut d ifler in en/y* 
ih* uimponcniv Glyoxynomcs do 
ot have any internal infoldmgsof the 
Kfnbrine which carry cytochrome 
ystem Cilyoxysomes locnted in 
i»iylr(U>n>i or end(v,|>cTm ofjfcrminat- 
till I y Needs cohUiMi the ^iHixida* 

• u\ system for Hilty acid degradation 
.1 jirisl ( oA (('oen/yme A hand the 
lyoAvlaie cycle for redirecting the 
;irlN>n flow toward sugar synthesis. 

In llic glyuxylatc cycle rsocitric 
. :i ca t a I y se s t h e spl i ll I ng of isocilrk 
yid iiilo sucemic acid and glyoxylic 
cid. The succinic acid is then con¬ 
s'rted into oxal(»acetic acid by the 
:in>c rciKtions as in the citric acid 
\yle Init the glyoxylic acid reacts 
jth a second molecule of acetyl Co A 
> l*ivr malic acid and free CoA. 
IVroxisomes from green leaves 
onuiin enzymes of the glycollate 
nthw;iy (given below). 

OI.YCOLLATE 

i 

(rLYOXYLATI: 

I 

OLYCINU 

SliRINE 

I 

vriKlSI'llOOLYCI-RlC ACID 

4 

(iLUCOSC 

In i\w yl>collate pathway ^ycoV 
lie l'>>roKd during photosynthcab 
converted into glyoxylate smI gly- 
iiv. Hi)d (hat (he iaUer produces 
rriiu' with the rclcHse of carbon 
lovulc. Sopar is formed from serine 
1.1 phosphoplyccricacid. The* pcfoxi* 
>mcs can concert plwidlnie to 


Peroxisome Mitochondrioft 



Chioroplasi 


^iS. 1. Lnf frr»kls<.ifnes 



I'tf. 2. Altfl Nknihuik's. M mervkiMT 




K vn: HI ronrrtt 


M4Y 19: 



•SCTENO: SPFXTSUl' 


ilycine but they do doi, however, 
atalyse the formation of serine which 
I fonned elsewhere within the cell. 

Because of difficulties io isolation 
mly limited information is available 
•rt enzyme component in relation to 
lutrition of algae. The major diffe- 
ertce between other plants and uni- 
cllular algae lies in the enzymic 
aidation ofglycollate. In leaf peroxi- 
omes, there is glycollate oxidsi^e 
ictivity which 1$ coupled to oxygen 
nd hydrogen peroxide production, 
nd there is much catalase. In uni- 
efluUr green algae, glycollate b oxi- 
Used by a dehydroginase and they 
Iso contain less catalase. Nevenhe- 
;ss, ^ycollaie metabolism in algae 
ccurs by the same metabolic path 
s in higher plants but the glycollaie 
athway in algae is not compart- 
nentalised in a microbody. Algal 
nicrobodies appea r to be more anulo- 
ous to glyoxysomesof higher plants 
nd may be involved in the metabo- 
ism of 2<arbon substrates such as 
cetate. 

Mm. Nomjm Sts 


Streptomyces 
and its impact 

JTREPTOMYCES is a small 
3 organism intermediate in size 
etween bacteria and fungi. It belongs 
0 the family Streplomycetaceae and 
rder Actinomycetales of the class 
chizomycetes (Bacteria). It is a 
oil-inhabiting saprophytic microbe 
^hich decomposes organic matter 
ome of its species like Strtptomyc^x 
{•abies, however, arc parasitic and 
a use disease. 

The plant body of Srrfptom}‘ces 
onsisU of hyphal tubes which liave 
ell walls They tend to develop 


true brartches of non-fragmenting 
vegetative mycelium. Hyphae do not 
exceed 1.5 p and arc mostly abiml 
1.0 p in diameter. They are aerobic 
(require oxygen for respirationi and 
do not slain with Gram slam, Sirepto- 
mjver reproduces by exogenously 
formed, chained round hodie>. called 
conidia. Hyphal nature and mode of 
reproduction suggest that this micro* 
be is related to fungi but it is cU>vr 
to bacteria in chemical characteristics 
and orpnization of nuclear material 
In laboratory. Strt'ptfmtycti is 
cultured on Czapek's solid medium 
which contains agar, sucrose, sodium 
nitrate, dipoiassium phosphate, mag¬ 
nesium sulphate, potassium ehloride. 
ferrous sulphate and double dis¬ 
tilled water For growth of the most 
species of this organism (mesophilic 
species) 25*C-40^C temperature and 
pH 7 are ideal. A few species, however, 
grow bed alnivc 50 C on solid me* 
dium. The surface of ll»e colony 
has a powders appearance tike a 
mould. Species of Sftephwmrs vary 
in shape, si/e, and pigmentation 
of colonies in cub urc. f or instaocc. 
S. priseus Is white in colour whereas 
5. fiaJstvdii (producer of the anti¬ 
biotic carbomycin) is purplish*violet 
in colour. These characters serve as 
an aid for the da ssi heat ion of 5/reprn- 
myces into .spscies. 

Aatibncterlal aaliblotics 
Credit for better health, longer life 
and reduced mortality, besides other 
factors, musi also be given to anti¬ 
biotics. many of which are produced 
by the species of S/rcp/omiccA. Testi¬ 
mony to this is provided by the data of 
the U.S. National Office of Vital Statis¬ 
tics. according to which mortality in 
US human popublion due to tuber¬ 
culosis bacterium alone was 
in 1943. which was reduced to 9.5**,, 
in 1955 due to the commercial pro¬ 
duction of Streptomycin (an anti¬ 
biotic of S/repfpmyrci origin ) in 
f946-47. Some important antibiotics 
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produced by species of Srrt'ptftmvCi 
include baciirucm. cydosehni 
erythromycin, kanamyem. viom; 
cm, actinomycitin. novobiocin, ny 
lalin, oleandomycin, puromycii 
neomycin. chloramphenicol an 
streptomycin. The functional grout 
in these aniihiotics include amin 
vugMfs, polyene, rnacrohde, let racy* 
lie, nucleosides and nitro. etc. F( 
example, the amino sugar is ll 
functional group in Mreptomycii 
neomycin and kanamyem, wheret 
polyene m nystatin. In chlorampht 
nirot. puromycin. (etraeydine an 
erythromycin the functional group 
are nitro. nucleoside, (etracyclh 
and macrolide respectively. 

The antibiotics have increased th 
life span of man tremendously. Broa 
spectrum antibiotic, chlorampenicc 
(or Chloromycetin), alone work 
apinsi pneumonia, carbuncle: 
whooping cough, brucellosis, lyphoic 
enteritis and dysentery. It seems t 
interfere with protein synthesis an 
is generally harmless in low dosei 

Misceflmeens uses 

Rafamycin (obtained from ferine n 
taiion cultures of Srrcptamyces medi 
fvrronei). amphoterecin (obuinc' 
from .9. nodtisu^) and nystatin (ob 
laincd from .9. aw.w), etc., arc anti 
fungal antibiotics particulaHy agains 
skin diseases such as histoplasmosi 
and coccidiomycosis. Neomycin (ob 
laincd from S. fratitoc) is a god 
disinfectant for skin and clothing 
Streptomycin (obtained from 5 
gri%eu.\) and tetracyclines (fron 
vanooN species of Strep/omycci) ar 
animul growth stimulants (used i 
si Mg.', etc.) whereas milomycin-t 
tu m^tabolile of .V. ((W^ptfoxus). an' 
thlorumyvciin (obtained from ^ 
vi'iu-ziiHac) are active against tumoui 
h.;rp.:'i. trachoma and potato virus 

As anlitomour agesis 

S/tvpionmvy has u great impact o 
many aspctls of present day cance 
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rcsi'urch. Iia rale as a carcinogen is 
nai csiahlished. InsUad, melaboltles 
of uboui sixteen species of Strfpti^ 
mur-s urc known to possess anti- 
lumour activity. The metabolites of 
vanoiiN species include: adriamycin 
{S. prutwnush daunomycin <5. pench 
/i/r.O. bleomycin (5. ivrrictf//u.T), tuber- 
cidin (5*. (ubercu/teM), neocarcinosta- 
tjn ( 6 *. 4arzino.fta/irus), slreploaoto- 
cin (S. uvhromogffifx), mftomycin-C 
(.S', carspilpsus), streptonigrin (5. 
Jhtrulus). etc. 
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Space iBicn>fak4ogifti emp lo ye d 
Streptompeet to 6 iid oat Ibe eflad 
oT space on liviag orpan dariag 
earth orbital aod Inoar eaplontioQ 
missions. In them stodiea, it waa 
foond that Sfreptpmfces calUue 
not oftly survnad bat fiaw tarovte 
10 moon and bade. 
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Life’s energy currency 


T HF food that we ingest is 
broken down in the digestive 
Intel into its basic constituents— 
sugars (mono saccharktes), amino 
icids and fatty acids. In the 
hody. suprs are stored mainly 
in the form of glycopn, amino 
ftcids are utilised for tissue protein 
synthesis and. fatty acids are 
deposited in the adipose tissues. 
These substances put topther le- 
present (he total accumulated energy 
nf the system. The portion of this 
energy that can be utilised iscalled its 
>« energy. For every activity of the 


body—whether it fat the iiiovemeat of 
limbs or the beating of the heart 
maintenance of body temperature. 


ATP+H 2 O 


ADP+O 


Che free energy is not released all i 
once but in gradual steps. If the fn 
energy were to be released all at ono 
there would be severe cell damag 
iocapacitition or even killing tk 
organism. Unlike an automobile or 
supersonic jet that can convert het 
energy directly into work, a livin 
orpnism (which operates isothei 

O 

6-I>-0H +7 K cal /mol 

0 “ 

t 


propulsion of food thnmgb tte 
dipscive trad, the caniap of 
messages along the nef>ies or Uk 
G ootrection of otwcles—a part of 
Ibis free energy h utilised. However. 


mnliy) can utilise (Is free energy ii 
measured amounts, in small denomi 
nations. 

In a biological system the mos 
imporlBot energy currency is ih 
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oergy qoaiiU present in the rtwlecuk 
r AtknosioB triphosphite (ATP). 
«fofe than half of the total energy 
rleaaed during oudatioo of foods in 
be body is converted into the free 
oergy of ATP. This molecule is 
Bade up of a molecule of adenine 
which is 6-affiino purine) attached to 
molecule ribose to which is 
ttacheda triphosphate chain (Fig. I). 
A molecule pf ATP releases about 
$ven kilo-catories upon hydrolysis 
ito adenosine diphosphate (ADP) 
nd inorpnic phosphate (Pj). By 
lydrolysis is meant the breaking up 
f a phosphate bond by watcr» with 
Be water radicals (H) and (OH) 
ttaching themselves to the open end 
f the broken bond (Fig. 2). ADP 
an be further hydrolysed into adeoch 
ine monophosphate (AMP) and P|. 
inee ATT is capable of releasing 
ree energy, it is called a **high- 
nergy compound*' and since the 
nergy that is releamd is due to 
ydrolysis of phosphate bonds from 
he triphosphate chain, these bonds 
re known as "high energy phosphate 
ends** and are symbolised by the 
quiggle It Deeds to be claribed 
ere that whereas a high energy bond 
1 physical chemistry is one which 
rquires large amounts of thenno^ 
hemkal energy for dissociation, in 
iochemistry the expression "high 
nergy phosphate bond** is referred to 
phosphate bond which, when broken 
uring biochemical reactions, is cap- 
ble of releasing free energy. The 
lydrolysis of ATP is essentially an 
(reversible process. However, bio- 
hemical reactions exist that regene- 
ate ATP by coovenion of ADP or 
IMP. ATP is also involved in energy 
ransfer reactions. In fact, the bio< 
Bgkal uses of ATT are far too many 
» be emunerated here. 

The ATP moleeules in physiological 
luids are present in the ionised state, 
hat is to ny that one of the valen* 
ies of tltt oxygen atoms in the tri* 
hosphate chain remains free 


making these atoms electronegative 
(Fig. I). They are relatively suble to 
hydrolysis. They are almost omni¬ 
present in physiological fluids and arc 
akin to mobile ertergy vaults. Through 
the operation of specific enzyme 
systems the vaults are opened to 
release their free energy to drtve 
essential biochemical reactions. 
Through the operation of some other 
specific enzyme systems, (he vaults 
are refilled by the energy derived from 
the oxidation of suprs. amino acids 
and fatty acids. 

How is it that while the 
biological esten of phosphoric acid 
release fret energy upon hydrolysis, 
the hydrolysis of the ordinary phos¬ 
phate esters needs energy lo he 
supplied? To go into the technical 
details would be out of place 
here. It would be enough (o 
state that due to (heir structural 
configuration, a certain amount 
of energy is inherent to all 
molecules. The inherent energy of a 
molecule would be more if it is 
structurally more unstable. A bio¬ 
chemical reaction means a rtbiively 
unstable starting material moving 
toward a more stable slate by conver¬ 
sion into its reaction products. From 
a high energy state the materials move 
to a lower energy stale and conse¬ 
quently to a more stable state. The 
amount by which the energy dec¬ 
reases is called the free energy dec¬ 
rease of the system and this is the 
energy that can be utilised to perform 
some work. LArger the stability of (he 
products greater would be the ex- 


U PON initial reckoning, the 
caption above would seem 
rather paradoxical. However, if one 
looks into tbe nature of regulation 
of water in the human system 
one finds that, under certain con- 
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pectancy of the starting material h 
gel converted mio (hem. As can b 
seen from Fig. I. the triphosphal 
chain of (he ATP molecule is rathe 
unusual in its distribution of electrica 
charges. The backb\)ne of (he chair 
O-P-O-P-O-P has a succession o 
partial positive charges. On the oul 
side of the chain are the ncgativel 
charged oxygen atoms. Now, bccaus 
like charges repel, so long as the chaii 
hangs together an internal tensioi 
will exis(. When ATP is hydrolyse* 
one of the phosphate bonds break 
with the release of some of thiMer 
sion and the formation of a mor 
stable compound. ADP. ADP can b 
further hydrolysed to give a still mor< 
stable compound, viz., AMP. Onacc 
ouni of (he large differervee of ene 
rgy levels inherent in ATP and AMP 
the hydrolysis of ATP goe^ favoura 
bly in one direction. 

The molecular structures of som 
other "high energy compounds*’ ar 
given in Pig. It should not b 
assumed that all these compound 
release the same amount of energy 
Some of them release more fre 
energy than (hat released during (h 
hydrolysis of ATP lo ADP + P, 
while many others release much lesi 
However this might be. i( is the fre 
energy stored in ATP that make 
possible functioning of processe 
involved in the growth, maintenanc 
and function of a living organism. 

S R. Chatterje 
N.R.L 

Indian Agricul/urat Research /nst\ 
r^ew Defhh/iOOf 


ditions, (he body does approac 
such a state. 

The importance of water in hi 
man body cannot be over estimatec 
Water forms about 70 per cent b 
weigh! of the body. There is as muc 


Hydration due to water 
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u 45 litres of weter is an adult 
weigh! os about 4S k|. It is found 
in the eairacelluar refioni. the inle^ 
cellular regions and the ioterceUular 
regions. It provides the medium 
within which all the biochemical 
reactions take place; it alio provides 
the medium for transport of various 
biological materials present in the 
body. In this medium are found 
electrolytes that are of great 
biological importance, such as the 
cations Na^, K***, Ca* and Mg^^ 
and the anions Cl*. HCO*^, H|PO“ 4 , 
HP0"^4. S0“*4, and protein*. The 
chief electrolytes in plasma and 
eatracellular fluids are Ni^ CP 
and HCO*| while those of the intni' 
cellular fluids are K*, inorganic 
and organic phosphates, protein*. 
SO ^*4 and HCO*|. Under normal 
conditions an otmotk equilibrium ts 
maintained between the extracellular 
and intracellular fluids. For the 
body to function properly, it is absolu¬ 
tely essential that the concentration 
of the electrolytes throughout the 
body system be maintained. 

The sources of body water are 
drinking water and beaverages. the 
water content of the foods ingested, 
snd the water formed during ihcoxi* 
dation of foods. The amount of water 
required would depend upon the 
amount of water lost from the body. 
Fbe average volume of urinary excre- 
Jon is 1200 Dll. This volume de¬ 
creases with increase in toss of water 
hrough tlie skin, lungs, and intestines 
md vice versa. However, the obliga- 
ory requirement of v^ter for the 
kidneys to excrete the a>eragc load 
»f waste products per day is about 
00 ml. The obligatory loss of 
boater via the lungs and the intestines 


is on the average 400 ml and 200 ml 
per day. respectively. 

The loss of water from the skin, 
even when there is no visible sweating, 
averages 4000 ml per day. This loss 
is obligatory. Any further loss 
water due to sweating may vary 
from zero to as much as 14 litres per 
day depending on the type of exercise 
that one performs, and the tempera¬ 
ture and humidity of the environment 
in which it is performed. Along 
with water in the sweat important 
electrolytes. Na^ CP and are 
alio lost. The concentration of these 
electrolytes varies with the amount 
of sweat. Under prolonged copious 
sweating, a high concentration of the 
electrolytes is lost together with 
water. This leads to severe dehydra¬ 
tion as well as electrolyte deficierwies, 
especially Na*^ and CP deficiencies. 
Now, since the plasma and other 
extracellular fluids have tp tnaintais 
a certain concentration of these 
electrolytes, the heavy loss of Na*^. 
in particular, causes further dehydra¬ 
tion. Under these conditions, if 
plenty of water alone is drunk, there 
is a dilution of the concentration of 
the plasma and the extracellular 
fluids in terms of the electrolytes 
present. To bring about constancy 
the body gets rid of the extra water, 
mainly as urine and sweat, causing 
further loss of the electrolytes with 
the sweat. This further loss of 
electrolytes leads to excretion of the 
excess water, and, therefore, dehydra¬ 
tion. Normalcy is re-established by 
taking both sail and water 

S.R. CHAireRJCE 
N.R.L. 

Indian Agricultural Res. Institute 
New Delhi-JlOOlJ 


few breaks in rank, to nearly half 
kilometre. Moreover, all the anima 
in a queue move precisely behind tl 
one in front maintaining the sac 
speed and course, like the coaclu 
of a train. The purpose behio 
this can only be conjectured. ^ 
know of the amazing migratioc 
in aoimals such as chaiacterist 
arrowhead^bnnation of gptst 
or the homing of salmon t 
their birth-stream. In the sea, dhol 
crabs lUcc mruitipes) move in intgt 
lar droves on the beach at low tid 
and hermit crabs pther together i 
clusters, but no Crustacean is know 
to move in such precise military foi 
matioTU as the spiny lobster does. 

Why does the spiny lobsu 
start to walk? Since so little i 
known of their habits, probably th 
apt reply is that given by pre 
fessional flshenDen—because they gt 
an urge to do so. And this ma 
not be far from true, as may be see 
from the persistaocc of their move 
ment during field observations an 
laboratory experiments. A doze 
spiny lobsters, collected from 
'*queue'' and placed in a 4^ melr 
diameter circular plastic pool, imene 
diately formed a queue and marcho 
continuously around its edge da; 
and night for five weeks, correspos 
ding to a distawe of about SOO km 
before the experiment was discontl 
nuedt And the urge to walk seem 
to come simultaneously to most o 
the lobsters in an area. In five days 
during the peak of such a march, tci 
fishermen caught over 20,000 spin; 
lobsters and they estimated that thi 
catch wu less than 10 per cent o 
the animals that were then preseni 
in the sea. 


What triggers off the urge to move' 
In other animals a variety of reasoni 
are knows. The most commoi 

r HE spiny lobster. Panuiirus file fomaiion in long '*queues'V reason is that of breeding migra 

argus, of the Florida Strait, Each queue may consist of from ae tion, as in birds. However, thii 

julf of Mexico, and Caribbean Sea few as 15 individuals to chains of a does not appear to be the cause 

kis been observed to walk in a single thousand anintals extending, with here as juveniles as small as 5 to I 


March of the spiny lobster 
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m »ho fonn qwuet. Scuooal 
btagM ia Uk kafth of ds 7 OihDCo- 
erio^ iirfhnce (he xeleaie of hor- 
MMM in mofiy bMikadtof to wtf 
itioa. Molt ot the ipiny iohtttt 
lorchei like pbce dvriog r x 4 ai,w - 
or to Noveaber. • mm of ftom 
B thit rcfioiL The factor *^*»-**f 
be monbn l ec mi to be a drop in 
a^enturt, rather thaa shofteadag 
f day, ai moit of the marohra take 
lifie after ttorcu whkh itnkia 
ooliog of the tea water. To M the 
Bcord ftrtight, however, ft may ba 
tiled chat maichn have been obrnr* 
od durieg periods of calm aleo. 

A curious behaviour came to hgttt 
fbea some captive aoimab wm kept 
nder identical conditiou bat weie 
iveo diiTerent foods. They were 
livided into three groups. The tine 
roup was fed chopped fish, the 
Bcood minced dtems and the 
bird group was starved. After foor 
ays, the group that was given 
hopped fish started becoming rest* 
iss and formed queues; the other 
wo groups did not manifest (his 
ehavioor. After a week of obwn* 
on (with the same dietary routine) 
uring which the fish-fed lobsten 
ontinued to queue, the diets me 
Itered. The fish-fed lobsters were 
iven clams and vice versa. Soon 
he new fisb*fed lobsters (which had 
arlier been given clams) started 
lueuesng while is the 'claaa-fed 
inhnats (eariier fiah-fed) qoeocaig 
ctfvity decreased and uhnnaidy 
lisappeared. It could be concluded 
hat fish contains some substance 
vhich induces queueing behavkNir. 
Vhether this works out in the 
ea lemains to be seen becanm 
piny bbeten usually feed on slow- 
noving molluscs and cnwImwaB; 
hey am Just not equipped to catch 
gUa fishes and keldom eat tfaea in 
Atine. 

How does I **qaeue*' startY Doea 
k spiny lobster use its vision or iii 
ense of touch or sokell to mfiafr 


it? A lobMcr cna me another moving 
indhridnat upSo a few metres away. 
It k noticed to enve ks antennae 
(Mers) towards the other animal and 
walk towaida il It appronches ^ 
animal from behind and touches it 
with its antennae. Now the more 
•ensstive anteanuks (first pair of 
feekri) touch each side of the lobs¬ 
ter's abdomen. Sometimes the tips 
of its walkugkp are hooked around 
Che tail of the other lobster. More 
and more iodxviduais queue up 
behind, and the tactile kKking 
the annnala enable them to main¬ 


tain (he straight, precise columns. 
Separated animah p e r s ever e lo close 
the pip immediately. 


That the aaoae of touch is ihe 
most anportant has been concluded 
from the s tudy of btinded spiny lo^ 
stern, whose eyes were painted over 
or taped so as to preclude the use 


of viaioft. Once a blinded lobster 


could efiect tactile contact, it would 
align Itself in formation as precisely 
as a seeing iadividuals. This indicites 
that queoeiBg can also be maintained 
at oigbl or in turbid water. If any 
one of the r e ce ptor appendages (vir. 

antennules and walking 
kgs) eras broken off or taped, so 
that H could not perceive a stimulua. 
tbe lobster could still queue up with 
oCben by using the remaining (un¬ 
harmed) appendages. 

Aqoeetioir,that naturmJly arises, is: 
Can any individual form the head of 
a queue, or is there a leader? If 
thelattEristrue, what are tbe qualities 
fe quif td of it such as experience, 
aggreanvesess or agility? Over 50 
lobaten aure collected and 
to fin d out if sex or size 


dettSBuned tbcff kndetahip, but they 
afl ta«d out to be average 
iadkatug that there are DO pro-deter¬ 
mined mdhriduak which take up as 
kaikn Thk was corroborated by 
field o ba Lna liops. A **pod" or 
ckaely packed cluster of spiny lobsters 
was frequently seen miUing about in 


a group. At some stage an (an; 
individual would move away froi 
the cluster and be followed by tb 
others, initiatirg a queue. The moi 
actively moving lobsters tende 
to become leaders. Even when 
dead spiny lobster or a moult (cat 
skin), fixed at the end of a pole, wi 
moved about near s pod of inactiv 
lobsters so as to crudely imitate th 
walking movement of a lobster, th 
lobsten would become active in' 
start following it. 

When spiny lobsters queue, d 
they take part in an aim^ migre 
tbn or just walk in a directioi 
they fancy? Observations hav 
shown them, in each locality, to b 
moving in the same direction, ti 
more or ksi parallel lines. The lobs 
ten are able to maintain this directioi 
even in turbid water, under a cloud; 
overcast sky. or on sloping bottom 
of varying substratum. And this i 
possible even when they are blinded 
Tagged lobsters, when taken thre 
kilometres away and released ii 
water 450in deep, could find their wa; 
back to their homes within a week 
What mechanism is involved in thi 
uncanny homing ability is anybody' 
guess. We know that birds ant 
even insects such as bees use the sur 
as a compass. Even when the sur 
is not visible dhobi crabs can orien 
their travels by seeing the sky (thei 
eyes, unlike ours, are equipped t( 
make use of polarized light). 

Finally, what is the use of queue 
ing to the spiny lobsters ? They couli 
as well move in irregular groups 
The behaviour is probably of valw 
in foducing losses from predators 
The spiny lobster, unlike the tru4 
lobster {Homarus vu/garU), has n 
claws to fight or defend itself agains 
enemies. It relies on its hard 
armour-like skin studded with spine 
to ward ofi any but the hardest 
jawed fishes (heocc the name ‘*spin; 
lobeter**). The most vulnerable par 
of its anatomy is its abdomen whkl 
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$ soR undemeck(h. It pro tech this 
east-pi'otected portioa by tucking it 
May under a rocky ledge or iQ a 
re vice, exp^t^ing only its front hard 
eph diUUorax to potential enemies, 
t M'cins likd>\ th;it by queueing 
lie .Klonicji ol* in individual is 


BOUT one and a half million 
species of insects are known to 
vMt. Many Insects are injurious 
> crops» quite a few cause dread* 
II di^eases to humans and dome* 
ic animals. There are insects 
Inch provide us silk, honey and 
c. Use of insects in medicine 
. limited. Both the Insects as well 
s their products have been used by 
mn through nges as medicirtes. 

Tl» bites of katydids or crickets 
Urder Orthopiera) have been report* 
d to remove warts. The termite 
ueeit. taken as food by some 
topic, is believed to be a powerful 
phtodisiac. 

The cochineal insects (Family 
>actylopidac • Order Homoplera)» 
nown for producing important dyes 
tow replaced by aniline dyes), 
ave good medicinal properties. The 
isects contain carmine or carmmic 
:id, coccerin, myrestin, fat and 
i(ty acids. The insect has sedative, 
phrodiviac and antiseptic proper* 
cs, and is used in neuralgia and 
whooping cough. 

Honey, a welhknown commercial 
roduci of honey bees (Family 
pidac; Order llymenoptera), is 
sed as medicine. It is also applied 
) cure ulcers. The beeswax is used 
i a base for ointments. Bee venom 
as been used in curing arthritis and 
leumatisra. 

The eggs of red ants (Family For* 
licidac—Order H\menoptera) have 
;cn used by some tribes as a cons* 
lucnt of a medicine for malaria. 

I he most important role of inaectv 


protected by the cephaiotbonx of 
the following lobster; only tbelut 
animal in a queue rtmins at tbe diiad* 
vantage of having iu tail unguarded. 

B.F. OfHAFOaa 
S<ieittlfic Officer 
B.A.R.C. Bcmbcy 


is in the use of blow fly larvae (Family 
Calliphoridae; Order Diptera) in 
treating decay of tissues. Severe 
wounds which become infested 
with these maggots heal better 
after dressing than tbe uainfested 
wounds. The maggots, while 
feeding on tissues, secrete a 
substance allantoid whkh promotes 
healing process. Allantoid is used 
in the treatment of osteomyelitis 
and other deep‘Seaied wounds. 

The blister-beetles (Family Melo* 
idae—Order Coleopleia), several of 
them are important pests of potatoes, 
tomatoes etc., have great medicinal 
properties. The blister-beetles are 
so named because when a crushed 
adult is brought into contact with 
human skin, it causes a severe 
blister. The blistering agent, known 


G ars, garpikes, garfishes or bony 
pikes are a group of ancient 
bony fishes which occur in the 
freshwater lakes and rivers of the 
eastern United States of America, 
Central America^ and Cuba. They 
have long, slender, cylindrical bodies, 
hard diamond-shaped (ganoid) scaks, 
and beak-like jaws beset with formid¬ 
able sharp teeth (Fig. 1). The swim 
bladder of garpikes serves the same 
purpose as lung of hi^r vertebrates 
and enables them to breathe without 
using their gills. They frequently bask 
like logs at the lurfbce ia quiet 
waters and give off a bubble of air 
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as cantharidin, is a dangerous dru 
It was once used u an aphrodisu 
and is still used to some extent as 
couDier-irritant. When mixed wii 
bay rum, it serves as a hair restore 
Cantharidio oil, made out of thet 
iiueciB, is very popular. The sul 
stance is found in blood and in 
more cotwentrated form in Che n 
productive organs of the insecb 
It ti extracted from the bodies c 
these insects and is useful in th 
treatment of diseases of the urine 
geniiaf system. The blister beeth 
Diampftidic hetu/o, is used by Africa 
tribes to poison their arrows. Th 
water beetles (Families Dytiscidae an' 
Hydrophilidae: Order Coleoplers 
are anti*diuretic. 

The cocoons of the well-knowi 
illk wonn moth, Bombyx mot 
(Family Bombycidae; Order Lepi 
doptera) are used as styptic, tons 
and astringent. Their extract i 
believed to check profuse menstrua 
tion. leucorroea and chronic diarr 
hoea. 

Meena Kapooi 
Lecturer in Biohfi] 
Soertii Heart Convent Schoo 
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filling their swim bladder with fresh 
air. Due to the double mode oi 
breathing, i.e., by aquatic respiration 
with gills and terrestrial respiration 
with swim bladder, garfishes can live 
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However, garfi$hc<i arc gradual! 
becoming extinct. Oneof the princ 
paT reasons a/ this is the oinnib&liisti 
embryo-eating habit of ihe ma] 
between 72 to 96 hours of embry 
development, depending on th 
water temperature. The cmbryc 
Chat escape the male, hatch and re 
main immobile in the birthplace fc 
72 hours, during which they are e) 
posed tothc law of survival. Fero< 
ious cannibalism also occurs betwee 
the siblings, upto a few days a fee 
birth. 


ut of water upto three and a half 
lOurs. They are sluggish Ashes, 
ying motionless on the surface in 
hallow water—with plenty of aquatic 
egetation. but cun rush upon 
prey with lightening speed They 
re voracious predators primarily 
ceding on other Ashes, but the giant 
lligator gars are known to eat ducks 
ind TT)u$k-rats, The prey is effectively 
)ierced and held captive by their 
ong needlC'Sharp leeih (Fig. 2). 

Carpikei belong to the single genus 
^piscfieus {Lepkhstrus) and are 
Deluded under family—Lepiso- 
leidae; suborder—l^pidosieoidei; 
»rder —SemioTtotoidea ; superorder- 
^oisotei; subclass— Actionopterygii. 

the class Osteichthyes. These Ashes 
)TObably arose in the cretaceous 
teriod, some 135,OOO.^tOO to 63000,000 
ears ago. They are older han the 
rocodile family with whkh they share 
oany similarities. The vertebrae of 
Arpikes are decidedly reptilian in 
lature. Most Ashes have vertebrae 
hat arc concave at both ends (amphic- 
elous), but garAsbes have bal]«and- 
ocket joints with the anterior end of 
ach venebra being convex and the 
osterior end being concave (opisth* 
coelous). Like crocodiles, gars also 
lash side^way^ at food. 

The foseiU of ancient garfishes have 
ten found in the tertiary deposits in 
ndia, Africa, North America and 
lurope, iudkating that they were 
net widely spread and common in 


many continents. Fishes with ena¬ 
meled (ganoid) scales abounded in 
Paleozoic (600.000,000 to 230.000,000 
years ago) and Mesozoic (230,000,000 
to 63,000.000 years ago) times, but 
only three kinds such as African 
bichirs, the sturgeons and the gars 
persist today as isolated relicts. Be¬ 
cause of this long antiquity the gar- 
pikes are considered as 'living 
fossils". Their relatively large, yolk- 
filled greenish eggs are highly poiso¬ 
nous. This may be one of the reasons 
for their survival. The prs breed in 
spring and spawn their eggs in quiet 
or slow-moving waters. The eggs 
adhere to object on the bottom of 
lakes and rivers or to vegetation. On 
hatching, the larvae aiuch to nearby 
objects by means of sucker at the 
front of their short heads. As the 
larva grows, the snout becomes 
longer, and the sucker is lost. 


There are approximately «evc 
living species of gars, viz., the alliga 
tor gar of Mississippii valley lA^piso. 
trus {Lrpidosieux) spatula, ihe larger 
of garfishes attaining a length c 
about three metres (10 feel) and wei^ 
hing 45 kilogrammes (1(X) pounds! 
the longnose or bill Ash, L. osneu 
with the longest jaws than any garfish 
the shortnose. L plaiostomux', th 
Florida gar. L. ptaryrhimus; th 
spotted gar, L producfus : the Caima 
Ash or Marguari of Cuba, L sfracu 
s/eus; and L vtridis. 

The name gar is also applied I 
marine needlefishes (Bclonidae) i 
Europe. They look like true gars, bi 
have tiny soft scales instead of har 
ganoid scales. 

B.K. hmxjn 
Department of Zoclog) 
Vika! (Jniversit) 
Bhubaneswar 751004 {Orissi 


The Loch Ness monster— 


a rea 

A controveny which has been 
going on since 565 A.D. seems 
to have come to an end. The 
Loch Neas monster, whose sighting 
was fint recorded at the time of $X. 
Columba'i visit, had been a creature 
regarded with awe and its descrip¬ 
tion varied with the imagi&atton of 
the iavescigating naturalist. The 


lity? 

monster of lake Lo:h Ness (Scoilantj 
has at last been brought to the book 
and gived a zoological name. Th 
December 1975 issue of Naiur 
published a few photograph 
which give some details of th 
monster. 

The photographs were the resu 
of patience and hard work of Sir Petr 
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Well and Robert Rine^, who have 
xen »<Tiou$ly interested in tbe Loch 
mystery for quite lome yeen. 
Hie crcaiure was photographed at 
I depth of 13.5 m in Loch Nets 
fy %miionary time (apse ctnm 
«Uh urobc flash, along with e aimul- 
Hiieous sonar trace. The evidence 
uovided in favour of its eaistence 
s strong and the zoological name 
siven to it is Neuitenu rhombo- 
•ifry.\ (the named species can now be 
>roiecied under British Uw). Tfras, 
n Creek nwanv 'marver or 'wonder* 
nosily in contMCtion with nioiuters, 
nd Sesfi is the pet name by which 
he monster was desiguted in tbe 
.och Ness area. Mombo indacates 
iiamond shaped' and Pteryx means 
fin' or *wing\ The details in the 


photographs suggal that SessJttns 
rkombopttryx has a body I5*2D 
ID k>ii| with a neck 3>4 m. The 
bead may be rather small in propor* 
tioQ to tbe body and U may 
have horn-lika protuberances. These 
could probably act as breathing 
tubes a1 lowing the creature to breathe 
without breaking surface. The 
animal manoeuvres its body in the 
water by two pairs of limbs shaped 
like flatterted diamond fins. The 


paddle is about 2 m long and the 
back ofthe animal is like an upturrted 
boat. Zoologists are of the view 
that Nessiferas may be a reptilian. 

What Is puziing biologists is 
how this pre-histonc species has 
been Me to survive till today. It is 
suggested that between tbe melting 


ice age and the present time, tl 
loch was for a brief period an arm < 
tbe sea. A population of Nessiten 
might have got land-locked ion 
12,000 years ago. The Loch No 
is about 38.5 km long. 2.5 ki 
wide and on an average abc< 
2100 m deep, the deepest pai 
being 292.5 m. This might ha> 
acted as a closed eco-sphere whic 
was undisturbed by changing eny 
ronmems, thus accounting for Iti 
survival of the creature. The lak 
is abundant with fish and weed 
which could have used as foot 
Ir is also expected that there inui 
be at least 20-30 members in th 
surviving population of Nessitera 
as it is the mimmum numbt 
required to keep a population viabl 
in nature. 

The people who have worked ove 
many years now seem to have presen 
ted hard core evidence in favou 
of the exisience of the Loch Nes 
monster. Now efforts must b 
made to ensure that the species i 
not tampered with. The pubis 
interest generated may result in toi 
many people (scientists or other 
wIk) trying to investigate on thei: 
own, which may ultimately result ir 
the extinction of the species. Ii ha 
been a common experience that maj 
in his ego for domination has already 
made many animal species rare i 
not completely extinct. Who know 
what delicate balance has kep 
Nessiteras surviving till today. 

B.B. Mathui 
Nuckar Pesearrh Laiwator} 
Mian Agriculture fUsecrch InsHtuU 

New ^ft/OlODi: 
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JEWS & NOTES 


Indo-Soviet 
Symposium on 
Embryology of 
Crop Plants 

N Indo'Sovitt Symposium on 
Embryology of Crop Plants was 
laid on March 2-6, 1976 under 
ha auspices of the Indian National 
icienca Academy and the Centre of 
Advanced Study in Elotany, Univer- 
Jty of Delhi. This was convened 
nd organised by Profs. H.Y. Mohan 
tarn and B.M. John, Botany 
Jepartment, Delhi University. 

"prof. M.S. Yakovlev (Komarov 
lotanical Institute. Leningrad), the 
^ader x>f the Russian delegation 
i\ his plenary lecture on Che origin 
nd development of gametes in 
tngiospermae highlighted the import* 
nee of the study of gametogenc''Ss 
n understanding (he phylogeoy . i 
ligher plants. He suggested th:' 
mong ProtobionU the type Tucalov 
viih its diploid ontogenesis could 
e the source of origin of Che phylo 
enetic bmoch: Proangiospennae- 
tngiospermae. 

The process of fertilisation in 
ngiosperms is khown to be the most 
omplicated process in (he whole 
ifganic world. Prof, Helen Oeras* 
imova-Navashina. USSR Academy 
I Science, Moscow, who is one of 
he pioneers in understanding this 
ifocess described her studies on a 


plant, Civpit capiUaris. For obtain¬ 
ing viable seeds in incompatible cros¬ 
ses of wheat, the importance of 
making a time bound study on the 
disturbances observed in hybrid 
embryo and endosperm was sugges¬ 
ted by Dr T.B. Batygina of the 
Komarov Botanical Institute, Lenin¬ 
grad. 

The embryological observations 
presented by Indian embryologists 
have shown that they are at par with 
their counterparts in the USSR. 
Prof. B.M. Johri presented his 
observations on the embryology of 
Triticale. the hrsi man-made cereal 
crop. He called for the use of 
modern techniques like cytoche¬ 
mistry and electron microscopy in 
solving problems of embryo sac 
nutrition and related phenomena. 
The induction of feminization in 
Cwnabis using certain hormones was 
one of the most interesting observa¬ 
tions presented by Prof. H.Y. Mohan 
Ram. This will help increase the pro¬ 
duction of 'ganja' because female 
plants yield more of this hallucino¬ 
genic resin. He said that this study 
could be successfully extended to 
other ecoooniicaUy important plants 
tike nutmeg, mulberry and papaya 
where the males are unproductive and 
therefore a nuisance to the farmer. 

In his lecture on (he enzymes 
and isoenzymes in dormanl and 
germinating pollen, Prof. CP. Malik 
(Punjab Agricultural University) gave 
an interesting account of the enzyme 
systems operating inside a pollen 
grain Or Oalhir Singh (UniverNity 
of Raiu^ihan) gave an interesting 
Uiscoursc on the seed coat anatomy. 
He alM> pointed out (he importance 
< tins study in understanding the 
v.jfious aspects, especially patholo* 
cical aspects of seed technology. 
I he use of tissue culture techniques 
IN also not unknown to the Indian 
cmbryologisU. In this held, the 
most interesting paper was presen¬ 
ted by Dr N.S. Rengaswamy (Delhi 
University), who brought out bis 
informatiw observations on some 
vegetable crops and also the cotton 
plant, using tissue culture techniques. 


One of the interesting facts brougl 
out at the Symposium was th« 
a large number of young India 
scientists art interested in pUr 
embryology As pointed oui h 
Prof. B.M. Johri in his concludin 
remarks, this Symposium indkuic 
the necessity of using two mode; 
techniques, cytochemistry and eld 
tron microscopy, in .solving prohlen 
of embryology. 

JnSi. KAU.AKA(*kA 
Di'fiurtmvn/ of Bo/on 
Vmvffyitv of (Mhi, Delhi HHHHi 


New atomic 
particle 
discovered 

A t the meeting of (he America 
Physical Society is New Yor 
in the first week of February, 197( 
some nuclear physicists of (he Fern 
National Accelerator Laboratory i 
Batavia, IIHnois. announced theider 
lification ofa new short-lived atom! 
particle, heavier than any othc 
identified (ill then. The evidence pre 
sented indicated (hat the partici 
apparently belongs lo the new famil 
of atomic fragments first discovere 
in late 1974, The one initially drsc< 
vervd was named 'J-particle* b 
some physicists at Brookhave 
National Laboratory, Upton, Ne 
York. Those who detected it at (h 
Stanford Linear Accelerator in Pal 
Alto. California, called it psi. TJ 
entire family is now called psi on 
The new particle is said to have 
mass more than six times that of 
proton. The existence of the partidi 
which has a very short life, has bee 
inferred from its decay product 
electrons and positrons. The ne 
particle, which is formed as a resu 
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bi>mb«rdinent of a befyllittm 
tTfti by cxiremeJy hi^ eoergy 
troions from the most pomerfuJ 
'crmi accelerator has been named 
iipsilon* by the inveslipting kam 
f physicists from Columbia Uniwr- 
il>. New York. Fermi NatioaaJ 
kcceleraior Laboratory and the 


State Uanefsity of New York at 
Stony Brook. Tlie team is headed 
by Dr. Leoo i^^rmao of Columbia 
Uonersity. Other properties o( the 
particle are yet to be reported. 

R.K. Datta 
Beth Isroet Mfditat Cmtcr 


Ntw York. N.Y. 10003 


Mercury pesticides banned 

in U.S.A. 


A few years back, in AUmagordo, 
New Mexico. U.S.A.. members 
f a family became blind and sufle* 
ed damage to the nervous system 
fter eating meat from pigs that had 
onsumed seeds contaminated with 
lercury pesticides. Similar cases 
ftn reported from inn and Japan, 
'king cases of nervous disorders 
sused by mercury poisoDing from 
nchecked uses of mercury pcstn 
ides, the U.& Environmeutal Pro- 
:ction Agertcy (EPA) ordered on 
'cbruary 18,1976. an immediate ban 
>n the production of virtnally all 
esticides containing mercury. Hiis 
ifcventive measure banned the matiu- 
acture of all mercurial pesticides 
ised is bactencides and fungicides 
n paints, varnishes and lacqucreaDd 
rohibiied the use of such pesticides 


on turf including golf course areas 
and in the treatment of seeds. The 
paint industry accounts for about 
90% of the mercury used in pesti* 
ddtu The EPA estimated that 
the ban would reduce the mer¬ 


cury now entering the ^environ¬ 
ment by about 98.5%. Most mer¬ 
cury compounds used in pesticides 
are not dangerous by themselves. 
However, these telntively innocuous 
nercary compounds are converted 
in the environment into toaic methyl- 
mercury which accunulites to ever 
hi^r kveU in the food chain. 
Coftsumptioo or i nhali lion ofe no ugh 
methyl mercury causes dtsorden in 
central nervous system or even death 
in animals and humarB. 


R.K. Datta 


C.N«R. Rao elected Fellow of ACS 


^ROF. C.N.R. Rao of the Cbe- 
mtsiry Dept, of Iruliao Institute 
f Technology. Kanpur is one of the 
wentyfive Centennial Foreign Fellows 
;1ect^ by the ad hoc committee 
f the joint board Council Cornmittee 
n IntemaCJonal Activities of the 
kitterkan Chemical Society (ACS). 


Belonging to different nations of the 
world, afl the bonorees have to their 
credit ootsta tiding contributions in 


the field of diemical science. Thirteen 
of them are Nobd Prim Winners. 
Another Asan awarded fellowihip in 
tlw list is Dr. Sei» <M:amora. Kyoto 
Unraervty. Japan. 


Dr. Tatum 
passes away 


D r. Edward Lawrie Tatum, it 
co-winner of the 1958 Nob 


Prize for Medicine for pioneeHii 
work on genetic code and a profe: 
sor of microbiology at New York 
Rockcfelbr University since 195' 
died recently in New York at tti 
age of 65 yeara. Dr. Tatum, wh 
helped prove that individual gene: 
the cbemical units of heredity, ti 
coded messages specifying the maki 
up of individual proteins, shared th 
Nobel Prize with Dr. Ceorge Well 
Beadle and Dr. Joshua L^rbcr 


for their pioneering genetic sludie: 
With Dr. Beadle, Dr. Tatum fin 
worked with the modern classical toe 
of genetical studies, the fruitfi 
Drosopftifa melanogasrrr. Later, Ih 
two scientists used the far speedic 
genetic system offeitd by a pin 
bread fungus called Nfurospor 
crossa. Dr. Tatum used X^ru) 
to produce mutation in this fungxi 


and isolated a mutant strain thi 
could not grow in the absence c 
vitamin B,. Dr. Tatum postulate 
that the gene which was affected h 
X-rays was the one that specified th 
make-up of the enzyme-protei 
(weded to synthesize vitamin B 
This work led to the coxKept of "'on 
gene, one enzyme*'. 

Born on December 14. 1909, i 
Boulder, Colorado, young Tatui 
attended the University of Wisconsi 
at Madison (where his father wa 
head of the department of pliarms 
cology). He graduated in 1930 an 
received Ph. D. degree in 1934. h 
joined Stanford University in 193 
and started work with Seurojpon 
He worked successively at Stanfor 
University (1937-45), Yale Universh 


(1945-48), Stanford University agai 
until 1957 and finally at the Roclu 
feller Univcfiity. 


R.1C. Datt 



AEDICAL NOTES 


New diagnostic 
tests for lead 
poisoning 


L ead poisoning is an imporiaot 
health hazard and children are 
specially prone to it. The diagnosis 
yC lead poisoning until recently was 
fe problem. Lead poisoning or lead 
exposure without clinical symptoms 
is still extremely difficult to diag' 
nose. Various diagnostic tests 
described earlier Lack sensitivity, 
specldciiy or both. Moreover, 
when two or more tests are used in 
diagnosis it is often difficult to de¬ 
cide which one is more reliable. 
However, in recent years coaside* 
rable progress has been made in 
the laboratory diagnosis of lead 
poisorung. 

Two types of laboratory tests 
currently used in the detection of 
increased lead absorption are: 
(1) measurement of tissue, blood and 
unne lead content, and (2) measure* 
ment of metabolic elTects of lead on 
tissues. No single quantitative tissue 
determination can adequately indi* 
cate lead concentration in the body 
and no single metabolic measurement 
characterizes all the metabolic effects 
of the increased lead concentration. 

Among the hrst category of diag¬ 
nostic tests, the measurement of 
blood lead concentration is most 
important. The blood lead test mea¬ 
sures (he dynamic lead pool of the 
body and is a reliable indication of 
exposure to lead. This ''accessible*' 
\wi pool is distinct from the deposi¬ 


ted lead in growing parts of long 
bones, liver, kidney, etc. Methods 
to measure lead exposure from the 
amount of lead in urine are not re¬ 
liable. Efforts are being made to 
use lead content in scalp hair as a 
diagnostic test, because nails and 
scalp hair levels are already 
recognised as reliable indicaiors of 
arsenic and mercury poisoning. 
They are even cited in mcdico-legul 
cases of poisoning by these elements. 

In the second category of tests in 
which tissue metabolic effccl^ are 
measuml, the inhibition of erythro¬ 
cytic delu-aminolevutinic acid dehy¬ 
dratase (ALA-D) enzyme activity 
has been recently suggested as the 
test of choice because even small 
amounts of lead inhibit this enzyme 
to a measureablc degree. However, 
it ts now known that the activity of 
(his eruyme is also inhibited by con¬ 
sumption of alcohol, smoking ciga¬ 
rettes. and ionising radiation. Zinc 
definitely inhibits ALA-D and mer¬ 
cury Is suspected of doing «o, parti¬ 
cularly if large quantities of these 
metals are present. Measurement 
of coproporphyrin-III (CP), g-ami- 
Aolevulinic acid (ALA), porphohifi- 
QOgen (PBC), etc., have often been 

Krabg cycle 

( ) 

Succiftyl coenzyme A ^ 
glycine 

— j 

$. Amirtolevulinic Acid 

- 

Porphobilinogen 

* 

Uroporphobili nogen III 

i 

Coprophosphyrinogen III 

----I 

ProtOfap/P^V^in 

--I 

Heme 

Flg.1. BlBiymfcuiienweiikUiMtrd by 
li pmmny 


used as diagnostic tests, but they are 
not absolutely reliable. 

The clearest mantfesration of the 
inhi bi I ory effect of lead o n l he uc (i v iiy 
of sulphydryl-dcpcndcni enzymes 
is evident from (he dislurhance it 
causes in the biosynthesis of heme. 
The normal pathway of heme syn¬ 
thesis begins with activated succinate 
produced by (he Krcb.« cycle, a majoi 
stage rn the conversion of food cner 
gy into biological energy, and pro< 
ceods through a senes of step« 
(rig. 1). Two of these siepf 
are inhibiied hy the presence of leac 
(solid line); two others may also h( 
inhihtied at higher lead concen 
iralion (dolled Une). 

Lead is implicaled spsciftcally in 
the metabolism of ALA to PBG 
and in the final formation of hemt 
from iron and protoporphyrin (PP) 
Both of (hose steps are mediated h; 
free sulphydryl-dependenr enzymes 
viz.. ALA‘1> and hem: symheuise 
The other two fieps at which teat 
may possibly be implicated are lh( 
formation ALA and the convertior 
of CP into PP. These are mcdinlod b; 
the ALA-syniheiase und copropor 
phyrinogen oxidase cn/ym:. AI 
though the exa^^i mechanism is no 


Excretud In urine 


Co proper p hy ri n exc r eted 
in urine and accumulated 
in red celle 

Protoporphyrin eccumulete< 
in cells 


had resalthg ta acevnilitUin of intcrowdei 
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Jiown. ALA tnd CP accumulate 
n the urine tod the red blood cells 
luring lead poisoning. 

Recently free erythrocyte porphy- 
in (PEP) coocentratioQ has been 
uggested as a reliable lest tor lead 
>oisoniiig. Porphyrins are cycKc 
ompounds formed by the linkage of 
our pyrrole rings through melh)- 
ene bridges. A characteristic pro- 
terty of the porphyrins is the for- 
nation of complexes with metal 
ons, which are bound to the nitro- 
;en atom of the pyrrole rings, e.g., 
he iron porphyrins such as heme of 
laemoglobin and the magnesium con- 
aining porphyrin, chlorophyll, the 
>hotosyn(hetic pigment of plants. 

In nature, the metilloporphyrins 
re conjugated with proteins to form 

number of compounds of biologic 
nportance. These include the 
taemoglobins, myoglobins, cyto- 
hromes, catalases, etc. These 
csts. i.e., FEP measure the 
netabolic effect of increased 
tad absorption in tissue. Use o( 
•M test from each category 
provides not only a useful 
liagnostic profile, but an important 


index of response to therapy 
siitte ibeir values shall tend to come 
towards normal values. Both the 
blood lead level test and the free 
erythrocyte porphyrin test have been 
used as screening test. Future scrcert- 
ing programme for lead poisoning 
may well consist of a rapid 
determination of blood lead concen¬ 
tration by means of the atomic 
absorption spectrophotometer and 
free erythrocyte porphyrins by the 
fluorometnc micro method; both of 
these can now be performed in 
various research laboratories in our 
country. This will enable our sciem 
lists to assess the incidence of lead 
exposure in various tead-based mines, 
smelters and factories as well as in 
the general population. A suitable 
screening programme for very small 
children is, however, wanting be¬ 
cause collecting body fluid samples 
from them is quite difRcuh. 

T.D. Sr.TH and N.K. SATtu 
/.r.R.C. Lucknow 
S.K. Satim 
Deptt. of Social and FrcHnUfc 
Mtdtcine. M.AM. College 

New Delhi 


Care of the clubfoot 



otherwise a completely healthy bab) 
arvd can be corrected, by carl 
treatment. 

Causes 


C LUB foot or talipes covers a 
group of deformities in which 
lie of Ibe foot does not face 
lownwards. In the most common 
ype of ileformity, the foot is twisted 
nwards and downwards and the 
laticnt walks on the upper and outer 
urfacc (dorso-lateral) of tlie foot. 

octdence 

Club foot deformity is the common- 

St congenital abnormality of the 
oot. The deformity is present at 
nriK Its incidence is 1 to 2 per 
,000 births. It is found in all races, 
loys are affected more than girls, 
n the ratio of 3:1. In Lady Har- 
ingc Hospital, New Delhi, about 


400 cases of club foot children tie 
attended every year. The age group 
varies from one day alter birth to 
14 years. In 75% of the cases, 
correction is obtained by gradual 
corrective {faster. The rest requires 
various operative procedures. 

The defect may be due to develop¬ 
mental error of the spinal column, 
defect in the develo^nent of muscles 
or due to absence of one of the 
boftes of the leg. In some of the 
cases the deformities are severe and 
their complete correction is difficult. 
In majority of the cases the actual 
cause for the deformity It not known. 
Such types are called 'Idiopathic 
dub foot*. It usually occurs in 


The causes of club foot have bee 
the subject of much speculation an 
many theories have been put forwarc 
According to Ruth Wynne-Davie 
(Edinburgh, Scotland), it is duo t 
mixed genetic and environment 
e ffect. She fo u i>d tha t if one child i 
a family has the deformity, th 
chances of second baby having th 
deform ity are 1 in 35 or more. Othe i 
regard club foot as of mechanical i 
origiu, caused by abnormal posltio 
of foetus inside the uterus. 

It is possible to produce club foe 
and other defects in animals b 
iqiecting drugs like insulin or b 
depriving the foetus of oxygen. Som 
surgeons regard this due to abnoi 
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lalilies in lh( muscles and tendons, 
ul the actual cause is still unknown. 
The deformity may affect one fool 
r both the feet. A typical dcfor- 
lity is shown in Fig. I. Here the 
)0t is small, heel is turned inside 
ut, fore^fooi is broad and twisted a nd 
utcr border is curved. Usuahy there 
. a crease on inner side of the foot, 
he calf muscles (thick Aeshy part 
r the leg) are wasted. The move- 
lents of the foot are grossly resiric- 
id and considerable force is required 
^ put it in the correct position. Other 
ssociated abnormalities may be pre- 
?nt. such as congenital dislocation 
f the hip. extra-numemry hngen, 
bsence of part of toes. etc. At birth 
he bones of the foot may be normal 
1 size and shape, and if not correc- 
^d may lead to secondary deformities 
n the bones and joints. Bones be- 
ome smaller and distorted and later 
islocaled partially or completely. 
*hls iiccounts for the difficulty 
1 treating the cases of neglected 
lub foot. 

Changes also occur in the 'iga- 
aents and tendons of the foot, 
'here is gross thickening and con- 
racture of inner side of the foot and 
osterior side of the ankle joint. 
*he ligaments on the sole of the 
oot also get contracted and thick- 
ned. In many instances the tibia 
i rotated inwardut the longitudinal 
xis. In an uncorrected club foot, 
he child walks on the outer and 
oraal surface of the foot and deve- 
ops callosities (thickening of skin) 
nd bursae (pouch-like formation) on 


the outer side of the ro«»(. 

Treatment 

Fundamentally, treating a club 
foot is like making a plant or 
a tree grow in a predetermined direc* 
pon by holding it in the desired 
position for some time Treatment 
should start as soon as possible 
afler birth. The best lime to begin 
treamenl is the 5rsl day of life. All 
the deformities should not he correc¬ 
ted at a lime. The foot is held in 
over-correction. Forcible correc¬ 
tion should be avoided, for it may 
cause iqjury to growing ends of 
bones, resulting in arrest of growth of 


P ERSONS with aggressive beha- 
viourarc u menace to our society. 
Ethical reasons, however, prohibit 
scientists to conduct directly research 
on aggressive human subjects to find 
out the causes of aggrcs.stvcne.ss in 
them. Consequently, animak are a 
good means to explore the causes of 
aggression, provided the results so ob¬ 
tained could be extrapolated to human 
beings. Dr. Edward S. HaJas and col¬ 
leagues of tW University of North 
Dakota, have recently {Nature. Vol. 
257. p. 221, September IS. 1975) 
reported their studies on aggression 
in adult rats whose mothers were 
either given zinc deficient diet or 
were kept under-ncunshed. Zinc is 
an important metal required for the 
normal development of the brain. 

3*7 


the leg. ]i should be undertaken by 
those with special experiencv of the 
work. After manipulation, the foot 
and leg are strapped, especially in 
the first (wo or three months. Every 
week the strapping is changed 
correcting all elements of deformity 
by 6ih to 10th week. X-ray is used a i 
various stages to know the progress. 

AAer 2 or 3 months of strapping, 
the foot and leg is put in corrective 
plaster of pam vast. Piasters arc 
changed every two weeks. The 
plaster is continued till the fifOi 
evert and dorsiffex beyond the 
neutral position. This is likely t( 
occKir within9-12 months from birth 
Once the child starts walking, u 
special below-knee caliper is fitted foi 
a period of 5 years. Seventy-liv< 
per cent feet arc usually amenablt 
to corrective plaster The tvsl 25!^ 
need surgical correction. 

SfTHA Guar/ 
Asstt. Prof, Onhopaedic Surger) 

Rakmr Sings 
Registrar, Orthopaedic Surger) 
Lady Hardinge Hospltoi, N. Oe!h 


Earlier studies on the effects o 
zinc defkiency at prenatal stage, havi 
shown that the size of brain in foeU 
and neonatal ruts is reduced andtha 
the synthesis of genetic materia 
(DNA) in brain is impaired. Also 
severe zinc deficiency (during preg 
nancy) in rati leads to brain mal 
formation in rat foetuses. Based oi 
these reasons, zinc deffeieney ii 
prenatal development was studied fo 
its possible relationship to aggres 
Sion. The studies suggest that under 
nourishment in general and zin 
deheient diet iit particular lead ti 
aggression in rats. More researcI 
is, however, needed to find out I 
these results are applicable t 
human aggressive behaviour as wel' 

Zaka Imai 


Malnutrition—the cause of aggression 
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Mathematical talent search 
in U.S.A. and India 


T is A common knowledge thal 
the aptitude for niAlbematics 
for that matur any other subject) 
hows up at an early age. A favou* 
able environment may mould a 
irecocious child with a flair for 
lathematics into a creative mathe- 
latician. The mathematics educa- 
ion that a child receives in iu early 
lays at the school has a decisive 
niluenee on its developing a like or 
lislike in the subject in later years, 
t competitive test on mathematics 
t the school-leaving stage is a useful 
uide to identify those students who 
lave developed and nurtured a lively 
ate rest and admiration for mathe* 
oatics from their fonnative years, 
liis article recounts in brief some 
f the highlights of the machemalics 
stent search competitions which 
te being conducted in India and 
he U.S.A. for the high Khool and 
oUege students. 

latbeoiadGs talent search ia U.S.A. 

In the article, Sicond JJ.S^.Mai- 

tematicai Olympiad, (T^e American 

faih^maticai Monthly, SI ,3,74) the 
uthor S. OreiUer writes on a new 
enture to spot secondary school 
Ludenis with superior mathematical 
ilent—those, who possess creativity, 
ivastiveness and computational 
kills. The first Olympiad was held 
a 1977. Pa rticipaiioa U restricted to 


about 100 students ^'selected mainly 
from the Honour Roll of the Annual 
High School Mathematics Examini' 
lion, plus a few recommeoded stu* 
dents from those States which spoo* 
sor their own High School Mathe* 
matics Competitions". The Olym¬ 
piad consists of five essay-type pro¬ 
blems. The author has not men- 
tiooed the time allotted for solving 
them. The examination is conducted 
by an Olympiad Committee whkh is 
supported by sdentific bodies like 
Mathematical Association of Ame¬ 
rica. etc. The Olympiad Committee 
(1974) consists of six members 
belonging presumably to mathematics 
faculties of different American Uni* 
versities or Collets. There is a 
separate committee to grade the 
papen. Two questions from the 
Second Olympiad (1973) are lepro* 
duced below: 

Q. I. Two points, P andQ. lie 
in the interior of a regular tetra* 
hedron A BCD. Prove that angk 
PAQ <«r. 

Q. 4. Oeterniiae all the roots, 
real or complex, of the system of 
simultaneous equations 
x+y+x-3 
jrS+yS+rS-3 

jri+/+,s.3 

Other three questions and further 
details about the Second U.S.A. 
Mathematical Olympiad can be 


obCaiAed from Oreltzer's artide, 
partial summary of which has bee 
given above. The author meotioi 
that the solutions to the problen 
srill apper in a forthcoming issue < 
Maihomatlcs Teach$r. 

The second interesting article 77 
Stafford Con^tittve £xdnu(RariM i 
Mathematics (Ths American Mati 
Monthly, flfl,6,73) G. Polya aod . 
Kilpatrick describes in considerabl 
detail the mathematics talent searc 
examination (initiated by Prof.. C 
Szego) used to be conducted by th 
Stanford University for high scho< 
seniors. According to the author 
'*the immediate and principal purpot 
of the examination was to ideniifi 
among each year's high scho< 
graduates, singularly capable sti 
dents and attract them to Stanfoix 
The broader purpose was to sti mi 
late interest in mathematics amon 
high school students and teachei 
as well is tbe public". The exami 
nation was conducted for twent 
yean starting from 1946. It ha 
been discontinued from 1964, mainl 
because Stanford Mathematic 
Department shifted its interest t 
graduate training. 

The aim of the questions set i 
tbe examinations is to test for orig 
naltty, insight and a high degree c 
ingenuity of the participants. Cred 
is given to clear, concise and con 
plete presentation. The candidate 
are given three to five problems t 
be attempted in three boun. Her 
is a complete sample of questions. 

1. Prove that no number in th 
sequence 

n, III, nil, iiin,. 

is the square of an integer. 

2. Tbe three sides of a triangl 
are of lengths /, m and n lespecti 
vely. Hie numbers /, m and n ar 
positive integers, 

/ £ m 

(A) take n»9 and find tb 
number of different triangles of th 
described kind. 

(B) take various values of n an 
find a general taw. 

3. (A) Prove the foUowiiij 
theorem: A point lies inside ai 
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quiliterft] triangle and has the 
tstances x» y and z from the three 
ides respectively. A is the altitude of 
!ie triangle, Then x + y* -f ; » A. 

(B) State precisely and prove the 
nalogous theorem in solid geometry 
onceming the distances of an inner 
oint from the four faces of a regular 
rtrabedron. 

(C) Generalize both theorems 
9 that they should ap^y to any 
oint in the plane space, respectively 
ind not only to points inside the 
riaagle or tetrahedron). Give pre> 
ise statements and, if you have lime. 
Iso proofs. 

The method of search for mathe* 
tatics talent among school boys in 
)e U.S.A. may be a novel one but it 
: not a new one. ^olya inentiorts 
f similar tests (EBtvfls Competition) 
rganized in Hungary in 18^. The 
ompetilion was named aAer Baron 
on Ronald EBlvds (1848* 1919). 

distinguished Hungartan physicist 
nd experimenter in earth's nugne* 
sm and gravity. The competition 
1 Hungary perhaps drew inspira* 
on from similar tests in England 
nd France. The renowned German 
lathematiciao and inspiriDg teacher 
^elix Klein (1849—1925) introduced 
i the early niiteteen hundred new 
(forms in mathematics instructions 
s the gymnasiums. One of his 
leas was to show the mutual conrwc- 
ions between arithmetic, algebra, 
nalysis and geometry through easy 
samples occurring in the ich h>I 
urriculum. The relevance of tliii 
efercnce to Klein will be appjccia- 
;d if we remember that a Uilcnt 
earebtestin mu (hematics is meaning- 
ul only when the mbool coi^rse 
nd instruction tn mathematic are 
ip-to«date and attractive. 

The article by Polya and 
rkk contains the complete set of 
iroUems from the Stanford Uni ver¬ 
ity competitive examination in 
natberaatica and a valuable Uti of 
eferetwet besides diacuasing the 


source and purpose of the problems 
set. The authors refer to a 
booklel, The Maiknmtics 

Prithtem Book, which cooUins the 
problems and a complete set of 
hints and solutions. The article is 
an indispenuble coninbuiion to 
similar mathematics Ulent search 
examination programs. 

Fiforts la ladia 

Ouite a few academic insitluliuns 
in India arc conducting mathematics 
Uleni search examinations aonuaJly. 
Under ihe name 'Maihenaiical 
Olympiad*, a malhemsiica Uleol 
search competition for the sludenli 
of high schools and junior colleges 
is held annually by the Aodhra 
Pradesh Association of Mathematics 
Teachers (APAM7% Tlcir firet 
Olympiad was cooducled in 1974. A 
similar body (DAMPll in Delhi has 
been bolding Mathematics Otyro* 
piad Test tinoe 1971. It k open Co 
mathematics students of X and XI 
Classea. The Amociaboo of Mathe¬ 
matics Tenebers of India. Madias, 
started their Annual Tiknt Com- 
petitioa in Mathematics in 1970 
at three levels—vhool level; X and 
XI standards; and collet levels 
(Junior and Senior). The Assodatioa 
for Improvement of Mathematics 
Teaching (AtMT). West Bengal, has 
already conducted I wo malhcmatici 
t.ik'nt search Icsis (1974 and 1975) for 
hi^h ^bool fmalixu. There are alst* 
pr.'pnsals to hold un Irtdiar) Mailre- 
m.Uical Olympbd so as in cmbl. 
India participalc in the lote^^trDn8l 
Mathematical Olympbd started in 
1959 by the east European countries. 

At Ihe talent searcb tests held by 
some of the iostitutioQS mer^bned 


above about twenty to thirty ques¬ 
tions on an average were sei and the 
students were asked to attempt a^ 
many questions as they could in three 
hours. The problems were mostly 
frum topics ciwcred in high school 
syllahux. c.g. algebra, geometry, 
clcnveniurs hum her theory and 
irigoftonici r) A less questions 
were of the 'objeaive type*, it., s 
numhei of possible solutions wert 
given and llic candidate was to pick 
out Ihe cora'cione. Again (here were 
problems where the cartdidate had 
Co infer Che correct solution from i 
given pattern or conversely conjee 
cure the general pattern from a fee 
given special instances. There wen 
also questions based on geonvtrtca 
cofutnictions, symmetry of geometri 
cal figures and coordinate geometry 
The motive behind selling a birgi 
aumber of questioiis is to lest 
qaicknesa of thinking on the part ol 
the participants. Correct answers tc 
a bi^ number of questions testify tc 
the quick and intelligent guess wort 
of a student. But a talent maid 
paper should also Ciy to probe dee; 
into Use thinking of a student 
not bis guessing power alone, Thii 
can, perteps, be achieved by askio| 
the students to answer at least som 
questions in detail (e.g.. see Ihe Stan 
ford Univ. Q. J. 1949). Then 
should also be a few questions or 
concepts which are quite unfamiltai 
to the student to set* How he think: 
in a completely alien environment 
This imj4ies that the best studen 
slioulJ he required to show hi 
research ability as well. 

Smvamal K. Maaiuoa] 
ComputfT Centrt 
Jadorpur (Jo/tersily, Ca/cultO’TOOOi 


Molecules that make life possible 

T he smaUesf fonn capable of consisU of water 80%. protein 14^ 
carrying on life pooo tmu fiiCs or lipids 2%» nuefese adds 3^ 
independently k the liviag cdL It nod artmhydnle t%. These coc 
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RING GLUCOS€ 

;itute four groups of biomoSecuki 
'hich are made up of atoms—H» 

-O—, —N—, —^ and 

-P— (HONCP), and the groups 
ivolved are —OH, —C— OH, 
-COOH. -NH,. 0 

I 

—P— OH 

I 

OH 

'he smaller biomoleculei formed by 
lONCP atoms are sugar, amino 
cids, fatty acids, steroids, and 
,ucteotides. Big biomolecules are 
dst chains of small molecules which 
>ave specific shapes and specihc 
unctions. 

The energy by required cell comes 
rom food. Oreen plants convert 
olar energy into food energy, and 
)o(h green plants and animals con* 
crt food energy into ATP. The ATP, 
o formed, is spent for repair, growth, 
notion, reproduction and many 
»ther life activities. ATP supplies 
nergy by donating a phosphate 
;roup to other molecules and leaving 
sebind ADP or molecules that can be 
ecoAverted into ATP by addition of 
I phosphate group. This phosphate 
iroup comes from food. 

We will now describe how a change 
n the position of atoms in these 


biomokcuks ebangea their ook* 
cular function altogether. 

Carbehydratca 

Galactose and ^ucose have the 
same molecular formula C4Hi|Oc. 
The small difference in atomic arraii' 
gemenl gives the follosnng structures: 


H-CmO 

H-C-0 

H-^*OK 


HO-^H 

HO-i-H 

K-S:-OH 


1 

H-d-OH 

i 

K*C.OH 

J 

H<>OH 

1 

k 

Ohem 

H 

OalMiow 


Glucose is the most common food 
sugar, whereas ^lactose is present 
in milk which the babies use. Jt has 
been found that some babies suffer 
from tissue injury called galactose¬ 
mia. This is due lo ioca^biity of 
some child renin converting galactose 
into glucose. The ring form of glucose 
is called glucopyranose or ring^glu* 
cose which has the property of form¬ 
ing long chain structures caUed poly* 
mers. The polymers of ring glucose 
are (i) cellulose, and (ii) starch. 
Hundreds of ring ^ucose mokcules 
combine together to form these 
polymers; cellulose has straight 
chains interlocked together to give 
tough fibres of wood and cloth. 
When the latter is coikd and forms 
granuks, they serve as storage of 
energy. A little difference in 
the arrangement of ring glucose 
results in a large number of com¬ 
pounds. 

Proteto 

Proteins are responsible for many 
of the substances and most of the 


funetioQsofthe living cells. Proleii 

make hair and the blood do 

carry oxygen with blood, stimula 

growth, derive energy for muscuh 

movement, build bones, etc. Lit 

carbohydrates, the functions i 

di^erent proteins depend upon the 

molecular strucTum, i.e., dunge i 

the structure of a protein alters i1 

role in the life processes. Thousand 

of chemical reactions occurring slrau 
• , 

taneously and persistently in meta 
holism are activated by protein 
called enzymes. 

Proteins are polymers of amin* 
acids. Misarrangement of amin 
acids is a major cause of hereditar 
diseases. Proteins exist in two form 
(1) fibrous—like a straight chain 
and (2) globular—like chains tiei 
into tight knots. Since they an 
folded in particular ways, proteizt 
are liable to three kinds of actions 
(I) denaturation—a loss or change o 
normal function, (2) binding —tht 
ability to hold smaller molecules 
and (3) compkxirig—fitting togetbe 
with other large molecules. 

There are many vitamins whtcl 
act as parts or cofactors of enzymes 
The enzymes can be reused and an 
required in small amounts for repe 
tition of innumerable daily chemica 
reactions. The vitamins so use< 
are given in Tabk 

A sequential arrangement of abou 
twenty amino acids is required tc 
produce any of the proteins. Haemo* 
globin has tbe amino acid sequenn 
of proline—glutamic acid—glutamit 
acid. If this order changes U 
proline—valine—glutamic acid, tht 
person with this type of haemoglo 
bio suffers from a disease koowr 
as sickk cell anemia. This disease 
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Sicicle c«ll •neniia RBC 



R9C*n0rmal blood 

Sit 


arises a result o\' faultv h^icnio- 
globin*pr(><lucin{i; I'uuliN red Mmul 
corpuscIcN. iind ^ill> lliouNundv o\ 
ptt>pk every year 

Suekk acids (l)NA A RNA) 

or all I he hiomolecules. nueick 
aefJ^ excel in plnmour and Unw 
altniclcd most ot ihc scieniifk t\mk- 
ing in (he world in the recent pii>i 
DNA opens the dmir to Ihc hriglii 
p«issib»lj|icsof curing earner, keeping 
uw»y old-age mauiitiKiuring spuic 
orptHK. abolishing hercdiuiry dcfeels, 
making memory' pllT^ anTI irchiexin;: 
nuinemus oiltcr miracV^ m llu lidc 

of jtciH'lie engifterring. DNA supple* 
and stores information about making 
more DNA and proietns ON A* 
are fydynwr^ of nucleotides, lad 
nucleotide hii^ threg^^Mris; sugar 
phosphite and Kisc The sugai 
and phosphate join end*to eml 1i 
make the DNA **hackhonc’\ vvhiK 

tik' bitscs aitacNcd io the sugjir slid 
out from (he polymer chain. DN/ 
includes two nudcoliile polymer 
joined together (double strings) h; 
matching the uxnplcmcntaiy shape 
of their haws. In Ilk* bun base 
there is sp^cdic ptinuu* of (I with ( 
and A W'llh I. 

RNA ditfcis I'loiu DNA lo Iw' 
ways. RNA loiuanis uracil ms 
lead of thymine and in DNA (her 
is no iixygcn atom (deoxy meanm, 
without oxygen) at poMdcni 2 of Ih 
ribsisc stiuciuic IWausc of ihcv 
two minor va rial ions we find ihu 
DNA and RNA ddler widely i 
their biological ruoclions ON/ 
carries the gene lie inlbrinaiio 
whereas RNA ^yuthesi/vs the pro 
terns only. To reproduce DNA, (h 
double helix un/ippers bases int 
single chains and ll\en rezippers h 
interlocking the bases of free nuele<* 
titks. 

The living egg cell, which >s ih 
origin of a human life, is devoid t 
blood and blood-oxygen ca rriers sue 
ai haemoglobin During develo; 


lAY ITM 


SCIENCE REPORT1 


KSESa FOR THE YOUNG_ 

sent, the DNA of the blood-forming 
elU uncoils ftod outches ftoiino 
cids with DNA bases to form hae- 
Boglobin. 

Radiations (aiomtc, cosmic, or 
Itraviolet) can cause changes in 
)NA (called muutions) giving rise 
> changes in genetic properties, 
r the d octors are able to change 
tiat pttrtioAar base in DNA which is 
;sponsible for the formation of 
ickle cell haemoglobin, we might 
proot one of those deadly diseases 
tat have claimed lives heavily. The 
rlaiionship between DNA. protein 
nd hereditary trait is expressed as: 

DNA *4 Proteins Trait 
i^e can hope to use the knowledge 
bout DNA not only in correc- 
ng hereditary defects but also in 
r<^ucing life forms with preplanned 
itaracteristit's some day. 

Ipkia 

The fats or lipids are nonetheless 


important. Even the neutral fats 
serve as vital electrical insulation 
around nerves, electrical and fric¬ 
tional insulation around the heart, 
and heal insulation under the skin. 
Phospholipids combine with proteins 
to form the membnnes largely res¬ 
ponsible for organizing all other 
biomoJecules into coordinated living 
units called cells. Formation of fat 
depots is one of the vital functions of 
biomolecules in the lipid group. 

Polyunsaturates, the neutral fats, 
devoid of required hydrogen for 
saturation, seem to lower blood 
cholcstrol which has been associated 
with hardening of arteries. Recom* 
mended health diets often include 
polyuAsaturates, but relatively little 
cbolestrol. 

V.K. SaiVASTAVA 

B.P. Gauk 
Dtp ft. of Chemistry 
Uniftrsity of Oofokhf^ur 


How an air-conditioner works 


r HE word **air-coAditioner’' 
gives a misleading impression— 
tat of a gadget which conditions 
le air. and nothing else. Tt is a 
lisnomer in view of what it does, 
kir-conditiooer is a gadget by which 
imosphere can be controlled 
ither for the comfort of human 
eings or to facilitate an industrial 
rocess. It should have been appro- 
riate to call it **space»coaditioQer*’. 
lie term air-conditioner was hrst 
efittingly used for the process of 
ontrolling various parameters of air 
t textile industry, and not as we use 
. today—for keeping our rooms 
osy for living. The term 'cosy for 
ving' is used hern in the sense that 
sopenCure. humidity, air-flow, dust 
nd odours in a ^ven space ait 
wintained at such values as not to 
fleet us phyiiologictUy. 


The function of an air<onditioner. 
as it appears to a man in the street, 
is simply that of lowering or raising 
the temperature of a given space. Its 
equally vital function to control 
humidity is not known to many. 
The prevalence of moisture in air is 
called humidity. The hotter the 
air the greater is the moisture it can 
absorb from surrounding space. 
At every temperature, it can absorb 
only a flxed quantity of moisture. 
When the air contains as much 
moisture as it can absorb at a 
particular temperature, ft is called 
'saturated* at that lemperatuie. 
Air usually contains moisture bss 
than it can hold at certain tem¬ 
perature. If the amount of moisture 
the air can bold at a temperature is 
taken as 100%, then whatever 
amount of moisture it contains at 


that temperature is measured wii 
reference to the amount it ca 
hold at IX%. it ii called relativ 
humidity of* the air at that tempe 
rature. For human comfort, relativ 
humidity in the range 35%-70% i 
25*0 in summer and 20*C in wintc 
is required. 

Suppose there is more of moistur 
than the air at prevailing lem 
perature can absorb, then, it i 
obvious, that all the moistur 
would not be absorbed by the aii 
1'he excess moisture would eoaleso 
and condense to fonn droplets. T 
prevent this there is only on 
solution: the temperature may b 
raised so that the hotter air hold 
more of moisture allowing 
condensation. 

Human body. too. is a moisture 
producing system. Small pores al 
over the body ooze out moisture a 
sweat. It is produced at a higl 
rate in summer and at a low rate ii 
winter. 

In summer, a room is kept shu 
to prevent hot airs from comin; 
in. As the inside air is at a \o\ 
temperature, the moisture it can hol^ 
is relatively low. When our bodie 
oo 2 e out moisture, it is not absorber 
by the already saturated air. 1 
condenses on our bodies to produo 
peikpiratios. This usually happen 
when a man enters a room cooled b 
a *'grass-mat*'. In winter, room i 
kept shut and heated, say. by a room 
heater. The temperature of the at 
would be high and it would be almos 
dry because our bodies ooze ou 
little moisture. Such a condidoi 
tlTects our bodies adversely: th 
membranes of nose and throat ar 
al&cted causing irritation and dii 
comfort. All this, therefore, necei 
states the proper control of tem 
perature aikd humidity. 

Alr-eaadltkMft 

Air-conditlooert are of two kinds 
centralised and decentralised. 1 
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centralised type, tir is treated in air-conditioning is economical where 
plant located usually in the base- tbe space is large, e.g., theatres, fac- 
tent ot the building. Centralised tones, aeroplanes, or there are 



UYltW 


many rooms that cannot b 
separately air<onditianedi e.g . i] 
ofRcts. hotels, railway coaches 
Decentralised types are mostly use< 
in homes, automobiles, etc., whici 
obviously need separate air-condi 
tioning. 

Dfcfntralised /ype. This aircondi 
tiooer is a compact box. Th 
most commo niy used i n ] ndia n ho me 
is the one with a grass-mal curtail 
hung before a table fan. As wale 
is allowed to seep through the curtai 
and the fan kept ‘on*, the air-flow s< 
produced is cool. The only disad 
vantage is that neither temperatur 
nor humidity can be controUe 
effectively. 

An all season air<oDditioner whic 
can control humidity and temperatui 
automatically is based on the prir 
ciple of thermodynamics— het 
always travels from a hot body to 
less hot orK. Such an air-cond 
lioner works like a compression cycl 
much in the same manner as a refr 
gerator does (S.R., Aug., 1975). 

The refrigerenc coming from ev^ 
porator is in gaseous stale at a lo 
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71ie hundity and teniperatun of tl 
air prevailing in the spacc/sptces a 
anlomitically controlled by a hydn 
cut and a thermostat 
A part of the airwhkh hasalread 
been circulated is mixed in an appre 
pnate <|uancity with the fresh a 
coming from the aimospbera. Sue 
mixture is then passed through 
fiber, made of glass and woo), t 
rtasove dust, bacteria, etc. Oeaasec 
il is heated in a preheater A prt 
heater is a coil of metallic conduits 
with fins for a larger heat-exchang 
mrface (Fig. 2); hot stream or wate 
la ciicuhted through the coil. Th 
healed air absorbs as much moistur 
as il can. In order to decrease th 


[pressure ami low temperature. 
1 1 is compressed into Ti^uid by 
compressor pump ( Fig. I). Com* 
pressioh of a gas prcKlucex a rise in 
emperature. and so the liquid pe^ 
juced is ut a high lemperalure. Why 
Joes the liquid remain in the unifonn 
4ate, irrespective uf the rise in tern- 
lemture? It is because of the pre¬ 
vailing high pressure which raises 
he boiling point of the liquid, 
fhe liquid ut high temperature passes 
hrough the condenser, where the 
ncoming air from the almosiidiere 
It a comparatively low tern- 
Mrature, absorbs the beat of 
he liquid, and is blown out of the 
^nditioner at a higher temperature, 
fhe liquid further cools down 
hrough circulation in the condenser 
nd is expanded by the expansion 
give. The expansion produces a 
urther fall in temperature, and 
he liquid passes over to evaporator 
t low temperature and low pressure. 
i is during the circulation of tbit 
ooled liquid through the evaporator 
liat air of the room, alter being 
leaned by a filler, passes through 
w evaporator. The incoming air 
ives its heat to the liquid so as to 
9ol itself, concurrently evaporating 
w liquid into gaseous state. The 
»fn|erant in gaseous suie at a 


rebthaly low temperature and pres¬ 
sure is fed bach to the compressor 
pump. This cycle eoniinues. 

Such room-uniu are usually iaa- 
ttlkd in windows. The compreaior 
and condeorer are outside the room, 
whereas Use evaporator and the 
expansion valve inside. There is a 
damper *door' also between the two 
chambers. By opening it, a fresh 
quantity of air frocn the atmosphere 
can be added to Uie asr circufatciag 
in the room, la winter, a healer is 
brought into use. ft beats the incom- 


with the cold air produced by eva¬ 
porator. As a Rsoh. appro p riate 
temperature and humidity are 
Dainlained in the room. 

Cmrmftfnrf mits. la this case, 
there is an air*conditioniiif phnt 
(Fig. 3) which b connected to various 
rooms or points (as in a theatre or 
a large estabtishment) via ducts. 


C AMFHOR b obiaiivd from a 
brgr tree dmmmmmm cam* 
phom of &Buly Lawaceae. The 
original bones of the phat are Chinn 
lapaa and Taiwan, whe re camphor 
hat beno produced through ages and 


m^ure conleni. a part of il f 
passed through a cooler. CooNnj 
produces condensation of the mob 
ture and lowers the temperature o 
the air. This air Is then mixed witi 
the stream of hot nir coming direcll; 
from the preheater. The quantities 
temperature and humidity are u 
controlled that the required kind o 
air b produced. If the air contain: 
less moisture thin required, it t: 
treated with a fine spray of water 
This lowers the temperature which ii 
not desirable. To raise ft, air is passe< 


nir through the ducts, into the roomi 
or hall. As a result of this consiam 
inflow of air into the rooms, ar 
equal amount of air is pushed out 
through exhausts— from where a 
part of it b discharged to the atmos- 
l^re and the other pan circulated 
back to the plant. 


still ban imponant industry. Plant 
grows lo a height of 30 m and girth 
^ 2 m. 

CinwMMcmum camphora is cultivat¬ 
ed best at an altilude of 4.500-6000 ft. 
and a rainfall of 60*-l OCT. The pla Bt ii 


ing. purified air, and the hoi air so through a rtheaicr, and then finall) 
produced b mixed in right quantity passed on to a fan which blows Iht 


Dilcf M. Salwi 
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rown by sc«d as weli as by cuttings. 
Kit-cuttings. layering, and suckers. 
1 India camphor plant is cultivated 
i some parts of Nilgiris, Dehradun. 
aha ran pur and Calcutta. 

Camphor is deposited in the oil 
^l(s of the plant by the activity 
r some enzymes. These cells are 
istributcd in almost all parts of the 
lant but largely in cambia! region. 

cells are formed at an early age 
nd are filled with a yellow oil. 
,fter sometime the oil volatilizes 
nd becomes a solid white mass of 
imphoi 

Quantity of camphor deposited is 
ie largest in roots. Seeds of high 
lelding trees do not necessarily pro- 
uce high yielding plants. Plants in 
lady area have less camphor content 
tan the plants in open area. Older 
:aves have less camphor conterit than 
ew tender leaves. The early practice 
'as to distill camphor from 50 years 
Id trees, but at present 4-5 years old 
lants are mostly utilised. These days 


leaves are clipped and used for cam¬ 
phor distillation. In India plants from 
Cochin (Kerala) yield more camphor 
than ;^nts from any other part. 
The yield is 1 % of the weight of the 
leaves and annually 60-1251b. of 
camphor per acre. 

Solid crystalline mass camphor 
is obtained by steam distillation of 
the leaves. Leaves arc put in the 
copper stils with aluminium canden* 
sers. Water from condenser is decant¬ 
ed and camphor residue is sent for 
pressing first in screw pres.s to extract 
the essential oil and then in a hydrau¬ 
lic press. The oil left is known as 
camphor oil. 

As camphor from natural source 
does not meet the entire demand, 
synthetic camphor is obtairted from 
a-pinerte, a terpene from turpentine 
oil.a-pinene isdistilkd and dried into 
solid bornyI chloride. By the action of 
alkalloids and fatly acids it gets 
converted into camphene and iso- 
bornyl is obtained by heating and 


saponification ami which Is ot(dr7e<j 
to camphor Bui syothci'c aimphoi 
has sever:*I impuMiics and is compel 
ratively inactive. 

nighty per cent of camphor i? 
utilized as plasticiser in cellutok 
plastks and irttracclUiloid plosives 
It has got its medicinal v;iUic Um 
because of its antiseptic a od.i in.i!io 
tic properties. It is used m iho pro 
duction of drugs which ars in (Ik 
form of pills and tablets, h is used ir 
the depression nnd wcaknci»s in fever 
as a restorative agent in cases of los 
of CO nsc io us ness. I iijec lion ivi' ca m p h o i 
in olive oil is given in various tyispi 
of heart failure and hloud ciiculation 
It isapphed in skm irrimiionand :ilsc 
used as anaesthetic. 

Apart from Cinmmomum comfm' 
or 0 , camphor niay also be obiainec 
from otlier plants such as (himutt 
cowm, Dryobahnnpx arfimutua etc 
The latter yields cu mphor (isohornea I. 
which is different in propciiics. 

Ni.siia Hajpa 


tef. S.R. April 1976, p. 22S, correct 
llu.stration ofNarwhal sbowiqg clock- 
rise twists of the tusks Is reproduced 
lerc. 
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INDUSTRY 


upifUiOQ i«le 
Tcopmuiv mpde aid 
mitidf body 

0—SOpvBa 

32—« 

SyitoKc bp. 

0-250 mm of U| 

Diietehe b.p. 

0^50 mm of Hj 

Hm rate 

0—200 per oil 

TV imvcTors dimity imii 

Semitivity 

20 ov PI 

Input impedaacs 

1 Otur 

Band wdtb 

DC to 10 kHi 

Dyaimk rajui 

aOow—2V pc 


Tn^niA^ 


Fm nniiiiCi Pon> 
lh< RDd ocBCive fidj 


The be<Uide unit hes 6ve chinnel 
which are inlcrchingeable. 

Diiplny unit cootinuoiuJy indicate 
the avenge rate of all the lix pan 
Deterseither on different meters oro 
digiut display tubes (Niaie lubes) 
Provision is made for settiof highe 
and lower liioitj of each parameter 
Whenever the value of a panmete 
departs from preset limits, audio 
visual alarm issues a warning. 


Patient monitoring system 



r HE Central Scientific Instru* 
ments Organisation, Chaodi^rh 
as developed a Patient Monitering 
ystem. The system continuously 
monitors physiological condition 
f critically ill patients by mea- 
itring six parameters at one time, 
iz., pulse rate, res(Mration rate, tern- 
era ture, heart rate, systolic and 
iastolic blood pressure. The system 
Hows monitoring of a single or 
pto a maximum of six patients by 
hanging modules for difiereot paia- 
Kters. 

A bedside uoic» it is mounted on 
alienCs bed. Each physiological 
arameter is measured by a suitable 
‘ansducer attached to the patient 
he signals from the transducers are 
>d to the bedside unit, where, after 
rocessing, they are imuinitted 
trough cables to the display unit 











scacnct in iNin^sTio 


The wiveTorm of ^ysiolofical 
■ramelcrs ere displiyed on four 
ideniicel channeU 47.S cm TV cube 
»MQ. TV waveform display unit 
in also be used in industry in con> 
inclion with suitable Ire nsduoers for 
lulCichannel display, viz., flow. 
ressuR. vibfttion and turbulence. 

The compleie system has been 
esigned on modular concept and 

Zinc 

r HE Nilional Metallurgical Labo* 
ratory Jam5hcdpur has success* 
jlly developed and Iraosferred the 
ifocess technology for producing 
igh grede extra fine zinc dust con* 
lining 96% metallic zinc by dislii- 
itioD process, the hoeiMSs being all 
clow 44 microns. 

Tbc process has been leased lo a 
wading indusirialist of Calcutta, who 
as already started trial production 
4 zinc dust since November 1976. 
Another i^nt consisting of 3 lo 
» units to produce 1600 tonnes 
zinc dust per annum is at 
Vdityapur lo Jamshedpur and the 
aitic licencec Is planning another 
mil in the industrially back*i«ard 
irea of Ratnagiri with the active 
iisistance from SICOM. 

The NML prototype unit had been 


universal interchangeability. The 
design of the circuitry empk>ys inie< 
grated ctreuits for greater reliuNlily. 
Care has been taken in the design 
lo make the system safe. The 
instrument devebped uses in 
digenousl) avaibhle cumponenis. 
materials, etc. cscept for bUnnl 
pres.sure transducer which is 
imponed. 

dust 

successfully run for process proving* 
demonstration and training of licen* 
cee and over a half tonne of 
NML produced zinc dust had been 
sold 10 the licencec at prevailing 
market rates for initial sale to their 
customers. The product fully meets 
1$l speciheations. Raw materials 
usable are galvaoivrs* dross and 
Zamak die-casling scrap apart from 
ingot zinc metal. 

The zinc dust demand for hydro- 
sulphle industry alone is over 5000 
tonnes per annum. Most of Chit is 
being imported involving foreign 
exchange of over Rs. 6 crores, since 
distilled grede zinc dust is not yet 
produced in India. This is likely 
to be eliminated, sooner the 
indigenous production capacity is 
built up. 


Harmless 

chemical 

for 

farms 

P HENTHOATE is an imporlani 
orp mvphosphorus inseclicidi 
having broad*specirum activU^ 
apinsi various crop pe»ts o 
rice, cotton, veptabics. fruits, tei 
and tobacco as well as apinsi mos 
quilos. Since it ha^ a low mamma 
lien toxicity, it is safe to handle an< 
leaves no toxic residues aAer use. ^ 
process for the manufacture of phen 
ihoate has been developed at tN 
National Chemical Laboratory 
Poona. A hrm has erected a 301 
TPA plant on Thana-Belapur road 
This was commissioned in Decembt 
1974. During 1974-75. the firm pro 
duced S tonnes of phenthoale whici 
valued around Rs. 3 lakhs. Tb 
annual turnover of the plant, wHci 
in full opration. will be approxi 
mately valued at Rs. 2.2 crores. 
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IIOMOLECULES : STRUCTURE. 
PROPERTIES AND FUNCHONS 
>y Dr. A, Sankiiran. Thf Bangatort 
Printing A Fubfhhmg Co. Li4^ 
^y^on Road. BaQgalore*$60018, 
W, ?p.2\%, Ri. 14 

text book ahould meet the 
roMowfng criteria; (j) it should 
TO vide source material and supple¬ 
ment material Tor those who cannot 
Dr various reasons attend regular 
lasses; (ii) it should have all the 
mronnaiion needed for an under- 
landing of the subject covered; 
ii) where a topic is touched upon 
nly in passing, further indications re- 
arding the topic should be irmdicated 
learly, (iv) wherever possible, it 
hould give the student a chance for 
:lf-evaluaiion by including questions 
nd problems at the end of each 
hapler; (v) it should be addressed 
3 the demands of a particular class 
f students; graduate, post-graduate, 
rofessional, etc.; and (vi) it should 
Iso help the student to prepare for 
is or her examinations. But even all 
lese would not suffice. A good text 
ook should serve as an inspiration 
>r a student who is to be initiated 
\to the intricacies of learning of a 
ew subject—its idioms and grammar 
•A companion io the joys and thrills 
f acquiring knowledge. 

The task of writing a text book 
hich fulfill' all the above require¬ 
lents wn» 1 be a Herculean one 
ideedl but then there are but few 
Dod text books in any given subject, 
ince they appear on the K'cne. they 
nnlinue to inspire a nd guide students 


for many yean. They become 
classics of a sort 

To some extent the above tasks are 
further exacerbated in dealing with a 
topic like structural biochemistry, 
which is intriasicaUy multi-discipli¬ 
nary. The problem that faces the 
author it to decide where to begin 
with. The difficulty is best reflected 
in the book under review. It is 
obviously not an easy task to build 
up in the same book from outlining 
the need to study organic chemistry 
as a separate subject to a discussion 
on an advanced topic like allosteric 
enzymes. This, compounded with 
the fact that the book aims at a com¬ 
pact size, has introduced certain 
distortions which are understand¬ 
able nevertheless regrttubly. The 
lucidity of presentation which the 
author has achieved while dealing 
with sections on vitamins, carbohy¬ 
drates. etc., is unfortunately not so 
perceptible in earlier sections. The 
earlier sections on alcohols, alde¬ 
hydes. ketones, acids, etc., have been 
dealt with in a perTuoclory manner. 
An example of this would be Table 
2.5 which summarises the sub-section 
on aldehydes and ketones with hardly 
any textual elaboration. Either the 
author should have assumed that the 
students (or users of the book) are 
familiar with these elementary topics 
(so that he could have paid more 
attention to later topics) or devoted 
more space to these sections. Fur¬ 
ther. to assign only two or three 
reasons why organic chemistry 
deserves the status of a separate 
subject, as done in the first chapter 
of the book, is treating matters too 
casually. If at all the author fell the 
need to dwell on the subject, he ought 
to have been more elaborate about it, 
or at least referred Ibe readers to 

other works, which deal with this 

problem in some detail. 

Unfortunately, there are certain 
avoidable mistakes in the book whkh 
are not necessarily serious per but 
do attract the attention of the 
reader. The mistakes are of three 
types: 

1. Spelling: Meischer being spelt 


in two different ways (page U 
and page 165). 

2. English; more simple beir 
used instead of r/mp/rz (page 8 

0 

8 

I. Structure: C—H 

O 

I 

instead of — C—H 

(Table 2.2, page 9. col. 2). 

)n some places, ideas have bee 
arbitrarily introduced without an 
previous references, e.g., the concej: 
of nucleophilic addition reaction 
(page 25). 

Despite these drawbacks, th 
author’s attempt is an useful and. v 
some extent, successful one. Som 
errors have been pointed out here ii 
the hope that in future editions ihes 
may be avoided. The author obvj 
ously has put in a lot of effort ii 
bringing out this text book, whici 
should meet the demands of agri 
cultural chemistry students in ou 
country. But one wonders wha 
lasting impact will this book have oi 
teaching of this subject in th is count r> 
The book is too much direcie< 
towards the examination and to< 
little towards the understanding am 
appreciation of the subject. 

CV. SWAMJNATHAf 
Planning DivLrhi 
eSfP, Pitfi ^f^3r^ 
New Delh 


ENERGY FOR SURVIVAL, THI 
ALTERNATIVE TO EXTINC 
HON by Wilson Oark, DoubUdo] 
d Co. Inc.. 277 Park Avenue, Nev 
York. N.Y. 10017, U.S.A.. Pp. 670 
$4.95 

T he price at which this bulk] 

volume is available makes i 
one of the most sought-after publica 
tions on energy crisis with its vir 
tually encyclopaedic contents. It 
index runs into nearly 20 pages 
while its annotated referenct 
chapter cover 45 pages indicatini 
the exhaustive work under-taker 
by the author in collecting thii 
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laterial. As he rightly puts it. eoergy 
onservstion poltcies will be aeces- 
ery on a massive scale lo focesUll 
hortages of both energy and male' 
ta1 goods in the economy in the yean 
) come. A currently popular notion 
»that energy crisis will disappear Ifa 
ation like USA invests heavily in 
ew technologies like nuclear ftssion, 
r develops ‘synthetic' liquid and 
Bscous fuels from deposits of solid 
ydrocarbons such as coal and oil 
sale. In fact the energy required to 
ring more oil, natural gas and coal 
rom Che earth into use may many 
mes turn out to be more than the 
nergy in the fossil fuel reserves 
temselves. For example, 12.600 
Wh of thermal energy is required 
)r producing one ton of steel: 
7,200 kWh for one loh ofaluminium, 
2 kWh for coal, and 2900 kWh for 
laities. 

It is pointed out (hat (he most 
eavily subsidized energy technology 
\ USA IS nuclear fission, a pro- 
ess which the author believes has 
oubtful energy gain and woefully 
^adequate safeguard against environ* 
lental pollution. This concept may 
lot be shared by all readers espe* 
tally nuclear technologists and 
adustrialisis who have sunk their 
loney irt nuclear energy. 

The author advocates solar energy 
s an abundant, safe and practically 
ollulion-free form of energy re- 
Duree. As such, nearly half of the 
ook is devoted to energy from the 
un in all its various ramifkationt. 
*he other half gives a lucid aaalysas 
f energy resources available and 
pplicable from fossil fuels, oil, coal, 
luclear fission and fusion, and the 
ewly developing sources like MHD, 
ydrogen, geothermal sources, lidei 
nd wind. U is 1 pity that hydel 
ower is disposed off in just seven 
ages, without giving it iraportaace, 
arhaps because in the USA bydro- 
ower accounts for only 2% of the 
lation*! energy as against 43% of 

lAYttfH 


energy coving from oik 33% from 
natural gas and 20% from coal. 

Prepated from various souitcv the 
author gives a table of parameters 
of iwn-renewabk aaturil resources, 
such as ibeir global reserves, their 
growth rate, counirits having highest 
reserves, etc. The most informative 
item is the ‘Stalk Index', that is, iIk 
number of years these re s erve s will 
hsi at current rates of glohal usage. 

It is shown that coal will be 
available for aaolher 2300 years, 
chromium 420 years, irop 240 years, 
aluminium 100 years, gold just 11 
years (smugglers be on tbeir 
guards!), nalucml 38 yean, and 
petroleum 31 years. 

Another facet of the problem 
discussed by the author b the decen¬ 
tralisation of America's electrical 
generating and distribution system 
which when fully operative will bring 
subslanlial overall brings. On ihe 
question of producing weapons grade 
plutonium, the author b rather 
critical in hb approach when he 
stales that **Both India and Japan 
•re constructing rrproctuing plants 
which would allow them to build 
weapons if t)wy desired" (p. 304). 

Interesting highlights are given on 
the Indian scene regarding solar 
cookers and bacterial bioconversion 
of wastes by giving the examples of 
work done by Harold Hay of Los 
Angeles. California, and Ram Bux 
Sin^. Hay b credited for building a 
small bouse for the Govenunent of 
Indb in (930 by using new materiafs 
giving good icksulatioB at low cost 
Ram Bux Singh b said to have built 
thousands of phots to pro¬ 

vide fuel and fertilberforthe people 
of thb country. Siam's arork has 
generated an upsur^ of intereat in 
ottlhane ^aerating system io the 
USA. 11 b i»t known whether Sin^ 
bctirraoCly uilndk or in the UM 
finer the author's t tfc r tn o es pertain 
to Sttgh*s books on the tubye^ 
aviihUe ffoo TV Mother £wflk 

m 


Newe (P.O. Box 70. Hendersonville, 
N.C. 28739, USA). Unfortunately nc 
mention b made of go bar gus 
ptanU on which considerable 
interest b being generated in India. 

The concluding section on wine 
power gives iniercsting facets of (hi: 
natural energy source. The World 
Meteorological Organisation hs! 
calculated that 20 billion kW ol 
power expressed in electrica) caps 
city are available from winds •' 
various locations on (he earth. 

Nuclear fusion, which b dbcussec 
ai>d disposed off in a few pages 
somehow does not create an impact 
Currently laser-induced nucleai 
fusion appears very dose to KOlvint 
the world's oil. gas and coal deple 
lion problems. This concept utilises 
deuterium which abounds in sei 
water: It is estimated to be sufRciem 
(0 provide for the world's energy 
needs for 350 million years. 

Whatever be (he author's views 
bbsed to some exteni as (hey ma; 
be-he has produced a really gooc 
piece on energy crisis which shook 
interest readers from all strata o 
liociety. 

S.K Ghaswau 


TEXT BOOK OF SOCIAL MCDT 
CINE by B. Sridhar Rao. Mrs 
SmOia Sridhar {FuhUshcf), A-4 
J. N. Medical College Quarters 
Be Ip urn-590010, 1976, Rs. 25; iX 

T he term social medicine (SM 
forms half of the term "Preve 
nteve and Social Medicine", whici 
forms an interesting field of study o 
lodal factors in relation to diseases 
The book under review is the firi 
text book by an Indbn author on thi 
subject while a number of books o 
preventive medicine are in existenct 
TV book is divided into six parts 
each starts with an introduciior 
followed by a detailed account o 
tv sut^. At the end of eac 
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upter ft short bibliography is 
iven. 

The book covers a wide range of 
)plcs; the social factors in diseases 
i generftl» social factors predisposing 
) specific group of diseases, the reU** 
on of social factors to certain social 
fiictions, beneficial social factors, 
>cial consequences of diseases and 
liscellany. Do social factors pre« 
ispose men to diseases? Vest 
Diseases result from the operation 
ot of a few but of multiple causes; 
>me of these no doubt are social 
tKers are physical and biologicar. 
bnsequencesofslcohoiism and drug 
ddictionare highlighted in this book. 
kOiong the other chapters, the rtla- 
onship of emotional stress on health 
'ilh questions such as what causes 
motional stmts are discussed. Mai- 
ractices in food and drug idultera- 
on and quackery with their harmful 
onsequences arouse social conscious 
ess. What is lacking is the Indian 
mne of these problems. But as a 
fxt-book meant for basic infonnaiion 
n the subject this objection is not 
bsolutely valid. 

The reviewer agrees with what 
Tof Banerjee. Director, All India 
nstitute of Hygiene and Public 
(ealth, Calcutta, says in his foreward 
(his volume will also be useful for 
ht teachers of preventive and social 
oedicine of Indian universities." 

Zajca Imam 


UNDEISTANDING PHYSICAL 
CHEMISTRY VOL. m by P.L. 
Soul and H.C Sharma, Sultan Chaod 
A Sons, Darya^pi> New Delbi-2, 
pp 214, Ksd.SO. 

HE volume under review ia one 
of the series of books which 
are ihe programiDed supplements to 
a textbook on pbysicai chemistry 
dealing with objecive type quesuons. 
The questions are graded and pre¬ 
sented in a manner to help students 
comprehend the subject step by step 
by selMeaming. The present volume 
discusses thennodynamics, atomic 
structure (i) and (ii), periodic table, 
isotopes and nuclear chemistry. 

As thermodynamics is a subject 
difficult to undentand without clear 
fundamental concepts, the authors 
have succeeded to some extent in 
making it understandable through a 
large number of solved objective type 
problems at the end of each chapter. 
They have discussed briefly all the 
three laws of thermodynamics, and 
the relation between energy and the 
equilibrium constant has also been 
derived. Concept of 'system* and its 
nature liave neither been touched 
upon nor the nature of 'work* done 
by the system on the surroundinpor 
vice versa. The second Uw of 
thermodynamics should have been 
discussed in more details, as the 
significance of its concepts cannot 
be overlooked. 

The chapters on atomic structure 


(i) and (it) deal with elemental 
discussiott on Che subject inlroducit 
the wavepartide duality of electroi 
Quantum numbers and electron 
configuration in many electron aton 
have been discussed. The ne: 
chapter gives the concepts involve 
in modem petiodic table, and ph; 
sical and chemical properties ( 
atoms based on their electron 
coofifuntions. Elementary diac^ 
tsion on isotopes and a few metho< 
of their separation are Jociuded i 
the chapter on isotopes, whereas n 
emphasis Is laid on the principles < 
sepantioQ techniques. 

The chapter on nuclear chemistr 
mentions nuclear subillty and radk 
activity. Radioactive series, 4n+ 
should have also been included t 
make the description completi 
Nuclear reactions are not fully cov< 
red to the extent required this typ 
of book. 

Merit of the book lies in that ever 
chapter is enriched with a lar^ 
number of graded objective type pre 
blems which help aquire thoroug 
understanding of the subject. > 
summary of the subject-matter is al$ 
included in each chapter. 

The book will prove helpful t 
B.Sc. students, and to those who tak 
competitive examinations. 

H.O. OuM 
Restarch Associai 
Deptt, of Material Selene 
/. /. r., Kanpu 
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From Alchemy to to-day’s 

Science 


Alchemy began by an obsessive urge for transforming the baser metals into gold. The 
experiments of Alchemists recorded under mystic terminology, gradually led to 
the discovery of metallic arsenic, antimony and phosphorus. 

We at Sarabhai M. Chemicals have the obsession of alchemists, not for 
producing 'Philosopher's Stone’ but tor providirvg an ever increasing range of ultra 
high purity and trustworthy laboratory reagents—the tools of modern chemists. 
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OL technology takes us on to tomorrow. 


^^any yaars ago lOL pioneered tha 
nanufacture of oxygon and other gaaes in 
ndid. The technology associated with their 
jse has ushered m a revolution for many 
ndustrics. 

As world tech notngy developed. lOL kept 
>ace Advanced wctclmg techniques such as 
»ub|Ti$rged arc wcUmg, TIG and MIG weld« 
ng and the ncceosory oquipment. as also 
ulty automatic welding machines. Sophisti¬ 
cated cutting machines such as the solid 
itate control gris cutting machine and the 
adial arm shape cutting machine. Elect/odes 
dr welding thick armour plates and stainless 
iteel tubular hardfocing electrodes lor pro- 
onging the hfe of machinery in thermal 
sower stations and oilier heavy engineering 
ndustrics. Gases ut extra high purity* with 
ipecific impurities reduced to certified levels* 
tow produced rn the lOL Special Gases 
Centre, for development and growth of 
electronics* research and olher specialised 
'lelds in the country. Complete pipeline sys- 
lems for hie disiribu;ion of gases. And then* 
entire gas plants and cryogenic equiprrient. 
Ml ihesu and many more lOL has introduced 
into the country 

In fields as diverse as steel-making and 
Food preservation, meial ioming and fertili- 
lers. elociromcs and anaosihesia. space 
'ocketry and pollution conirol—lOL is work- 
ng today to develop the technologies 
needed for tomorrow. ^ 


lOL is technology 









Where the 
Pioneers have left 
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Hie nature of alchemisu rote 
in faying the foundation* of 
modern science, may be judged 
from only a partial list of basic 
acientifrc tools, associated whh 
their names. 

Chemistry had its origin in the 
laboratories of the alchamisu. 
Alchemy eventually expired 


under the impact of science, but 
its tods and procedures >vere 
taken over by the scientists in 
the modem world, to utilize 
them for extending the basic 
discoveries still further and 
bringing them closer to the 
common maa 
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LETTERS 


The irtkk U quite iofonnitive but 
Ihe title given by the ftutlior is con* 
fusing. J would like to mke >1 cletr 
thei disease is a lymplom produced 
esc result of interictioo between the 
pathogen (may be virus, bacterium, 
fungus, etc.) and the host So otkiy 
pathogens are carried through 
insects. Diseases are not oiuted by 
insects. 

N.S. Bimn 
Department af Entomdogf 
Fwi/flh Agricuiture Vniytnity 

Ludhiana 


Adiaidca 


Sir. I thank S.S. Dart lor Rare 
eartha—a^ faschutfag groap of de' 
meats (S.R. Feb.. 1976). He has 
explained beautifully the occurrence, 
processing and application of lan¬ 
thanides. 

Kindly publish an article on 
'actinides'for the benefit of students 
preparing for com petitions. 

BmUENDItA MtSHRA 
S, HosteL GJ.C., AUahabad 


rasponaibk for Iht hydrolyait 
Ca** depcAdent, and it tight! 
bound to tba mombnoe. Th 
Ct^-AT? is ao iatagral part < 
iha Ca^ pomp, jtut at the Nr 
K* AT? ifl Bodium-potasaiuffl puaj 
The ATP ii also pho^hoi^ 
lited by ATP as shown below: 

Eii,+ATP^*^i^ EV^ + ADI 


EA,-P-fH,a4EiH4P> 

Two Ca^ ions are tnnspMte 
for etch ATP hydrolysed. Tk 
foasunum pump rate h 

about 10 sec"*. P.S. Stewart an 
D. H. MacUonam (1974) of tk 
University of Toronto, Caoidi ba^ 
characterised the molecular prope: 
ties of Ca^^ ATPaae on SDI 
polyiciylamide gel. They foun 
that the ettyme moves as a biggt 
protein molecule with a molecula 
wt. 100.000 Dalton. 

SuDHig Kumar Srivastav 
Department af Zoology, Benarc 

Hindu Vni'ttrsii 
ya/anash22I00 


Diet for diabetes 

Sir. Is rice taboo for the diabetic? 
S. R. Nov., 1975) by A. Ramachan- 
Iran and M. Vishwaruithin was 
lighly informative. I would tike 
o know how Bengal gram helps 
irevent atherosclerosis. Does it 
educe serum cholesterol when 
sken by a normal healthy man? 
t is mentioned that diel for a dia- 
«tic should be rich in carbohy* 
Irate end proteins but should be 
ight in fats Will blood sugar rtol 
ncrease at a result of carbohydrate 
lici? 

Jawaharul Agarwal 
Medical Codege 
Buria (Orisju) 

1, Bengal gram has some hypo-, 
rholeslerolemic effects. 
leferences 

i) Mathur. K.S., Khan. M.A.. 
und Sharma. R.D. (196S). 
Hypochohsti’faiemk effect of 
bvngal gram : A long term study 
in mcA. 

ii) Mathur. K.S. (1972). Prevention 
of atherosclerosis: An experi- 
merttai study, Joumjt of the 
Association of Physicians of 
India, Vol. 20rJ97. 

2. A diet rich in carbohydrate 
nd proteins with restricted fat will 
ot increase blood sugar if total 
alories is restricted. 

N. ViSHWANATHAN 
Director^ Diabties Res. Centre 

Madras 

Plaal diseases 

Sir. 1 appreciate Paul Khurana 
>r his article Why do Insects carry 
lani diseases? {S.B. Feb., 1976). 


BIODMiibraue 

Sir, I read with interest BIobwb' 
brane {5.R. Jon., 1976) by Rama- 
krishnan. 

While describing the function of 
biomenibrene. specially Na^-K^ 
pump, one cannot overlook the 
role of pump in membrane 
system called sarcoplasmic reticulum 
which plays a vital role in the regula¬ 
tion of muscle contraction. Like 
Na^-K*^ pump system of biomere- 
brane. this membrane system has 
Ca*+ pump system which regulates 
the Ca** ions ccnceatration surroun¬ 
ding the contractile hbres of musde. 
At rest, the Ca** ion is pumped 
into the sarcoplasmic reticulum so 
that llw concentration of Ca*^ 
ions* amnd the muscle hbras is 
very low. Excitation of the sar¬ 
coplasmic reticulum membrane by 
impulses leads to a sudden release 
of large amount of Ca** ions. 

The transport of Ca** by sar¬ 
coplasmic reticulum is driven by 
the hydrolysis of ATP. The enzyme 


filathfartri 

Sir, Martin Gardner in hii boo 
Mathematical Puzzles and Dint 
sians writes: 

'*] have been told by Piet Hei 
that whenever he visited Albe 
Einstein he found a section of Eii 
stein's bookshelf stocked wit 
mathematical pmes and puzzle; 
The Interest of these great minds i 
mathematical play is not hard t 
understand, for the creative thougl 
bestowed on such trivial topics i 
of a piece with the type of thinkin 
which leads to mat^matkal an 
scientdic discovery. What i 
mathematics, after all, except th 
solving of piindes? And what i 
science if it it r^a systemaHceffbi 
to get better answers to puale 
posed by nature?" 

To cite an example: Using only i 
straight edge and a compass a» 
with all the time in the world, hot 
can you trisect any angle? 

There are people who occnakwall 
leave work to aquare a circle o 



iiect «a aoKW. They krt wasting 
Mir time: both these geometric 
roblems hftve long since been 
roved impossible to solve. U cannot 
e done without trickery. Yes. 
MirtAtional mathematics, of course. 
I fun. 

1 would like you to publish articles 
0 the recreational mathetnatics 
Oder a pennanent section in S.R. 

Uma Kant Shakma 
P.G» schohr w Mathemalics 
Lucknow Univtrsily 


Cnapotar 


Sir. This letter has reference to 
1. Ramaswamy*s article Laagaages 
ompotm kaow(5./t., July 1975) and 
^agaraj's discussion- in S.R. Jan., 
976. 

Nagaraj pointed out some errors 
n the computer program written by 
tamaswamy. Even with the correc- 
ions given by Nagaraj. the pro^m 
vill not work because aAer executing 
he line No. 12 of the program it will 
>rint all the days. Hence we have to 
nsert after each 'WRITE* statement. 
I 'OO TO* statement. Then only, 
tfter computing the correct day, 
he program will print the unique 
lay. 

N. SUMAMANIAN 


SRF (C5//?), I/T, Madras 



Mnstrooa 

Sir. Apropos of NaUraian*$ letter 
(5. R.. Jan. 1976). I have to add 
some more information. 

The paddy straw mushroom Is a 
tropical mushroom which coines 
up well almost throughout the year 
in South India and in places where 
the minimum lempenturc does not 
go below 25X. This mushroom it 
grown at our institution farm and 
spawn is supplied to interested 
growers. 

The mushroom grown in Nilgirit 
and Kodaikanal is dilferent from 
paddy straw mushroom. U is 
Agaricus, which is a subtropical 
mushroom. It is grown in wooden 
trays; it takes 2 to 5 months to get 
a single crop, whereat the paddy 
straw mushroom comet up in 12 to 
15 days 


C5. KaiSHNAKVaTHY 
Sclmisi (ICAR) [Rffd.) 
Faddy Straw Mushroom Project 
Tamil Nadu Agrii Vrtiv. 

Coimbatore-S 


Sir. The Science Reporter is a 
journal for all, and specifically for 


science students It provides 
good amount of reading matte 
covering many fields of interest 
However, in the last few years, then 
has been a repetition of artick 
on 'Photosynthesis'. 'Respiration' 
etc., without adding much nev 
informatioa. Articles on brain a 
a computer, mechanism of thinking 
sleep, dreams and robots, and oihe 
recent developments in scieniifi* 
fields are awaited. 

Ravindra K. Raohuvansh 

Lecture 
Botany Depti 
University of Rajasthan, Jaipu 

i\ 

Sir. In the article Plants too hek 
resfOasIMe for pollution (5. R. Dec. 
1975) the botanical name of pci 
plant is misprinted as Flnus syives 
iris. It should be Fhum sativum. 

The article Ntcrogea fixation b; 
any planl la poaalble {S.R, Dec., 75 
was informative and interesting, 
would (ike you to publish an artich 
on 'phyto hormone s' 

Anil K. Jaii 
Lecture 
[>cpt. of Baton 
K.L.O.A.y. Degree Co^leg^ 

Roorke 


SCIENCE FOR THE YOUNG (Contbured from page S76) 


lumber of contJ nuoua moves req ui red 
o complete it. In every case the 
nijiimum number of continuous 
noves will be half of the number of 
Kid-vertices in the figure. 

If (n) is any positive integer and if 
ibe given figure has (2^) number of 


odd-vertices (which are always even 
as indicated above), the minimum 
number of continuous moves of the 
pencil will be {n\ but it will have to 
be raised(e - I) times. So, by knowing 
the number of odd-vertices in any 
figure we can know the number of 


minimum continuous moves to com 
pletc (he figure. 

SucHrraA Gui^ 
Hindu College^ Morodaba 
(Uttar Pradesh 


lUNEtPTi 


setter. ROORTi 


Planets and 
their positions 

JULY 1976 
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The mooa 

Hiifl moo ft occurs on I lih at 6*39 
m. and new moon on 27th at 7-09 
m. l.ST. The moon fstsses about 
K dogrco south of Mars in ih« 
vening of tsU about half a degree 
>uth of Jupiter on 2Kt, About seven 
egrees south of Ve?ius and Mercury 


on 28th and again about five degrees 
south of Mars on 30(h. The lunar 
crescent becomes first visible after 
the new moon day in the evening 
of 28lh. The moon is at perigee or 
nearest to the earth on 7th and 
at apogee or farthest from k on 
19th. 


The earth is at aphelioa or farther 
from the sun on 3nL 

The plaacU 

Mercury (Budha), a morning sta: 
rises about an hour before sunrit 
during the first quarter of the znontJ 
ThereaAer. it is too near the sun to b 
visible. It is in superior conjunctio 
on 15th. Ac the fag end of the moni 
tt reappears as an evening star an 
seU about an hour after sunset, 
moves from Taurus {Vrfshd} to Le 
{Simha) through Gereini {Mithuru 
and Cancer {Karkota). Its vistu 
magnitude varies from—0.7 lo-O.: 

Venus (Sukra) is too near the su 
to be visible during the first half c 
the month. TherAfter, it reappea; 
as an evening star and sets abot 
half an hour ifler sun^el. It movt 
from Gemini {Mithuna) to Canct 
{Karkota). Its visual magnitude 
•bout — 3.4. 

Mars (Mangala), visible in tb 
evening iky, sets about three houj 
after sunset during the first half c 
the month and abou| two hours tfU 
it during the second half, tt paist 
about half a degree north of the sU 
Regutus {Magka) on 5th. It is i 
Leo (5/fflfio). iu visual magnitud 
is about +1.9. 

Jupiter (Brihaspaii), visible in th 
morning sky, rises about one and 
ha I f hours a fter loca 1 midnight d u rin 
the first halt of the month and aboi 
ha If a Q bo ur a fter it duri ng the secon 
half. It moves from Aries {Meskt 
to Ta urns (k'njAa). Its visual magn 
tude is about— 1 , 8 . 

Saturn (Sani), visible in the evenin 
sky, sets about an hour after sunst 
during the first quarter of the montl 
Thereafter, it is too near the sun t 
be visible being in cor^unction o 
29th. It is in Cancer (Karkata). Ii 
visual magnitude is about ^0.5. 

{Source: Nautical Almanac Un 
of <he Meteorological Office, Alipon 
Calcutta-700027) 


)rams CftD itllect many site of an iadtrUtiaTs 

lis iotenatSf experieKa» his store ft luiowledce» the order and 

mature of hia emotloBa, etc. 



MAHDI HASAN 


NE spends about one*third of 
one's life sleeping. Out of 
lis nearly one*firth to one-fourth 
I occupied by dreams, according 
) the German physiologist, UJ. 
ovanovic (1975). fn ocher words, 
y (he time we celebrate our six* 
elh birthday we should have slept 
ver for some 20 years. This time 
eriod ordinarily includes 4 to 5 
ears of dreaming. 

ilstorfcal background 

From ancient limes people have 
ten interested in what dreams are 
nd their rekacionship to reality, 
he incomprehensibility of dreams 
nade people look upon them ai 
omething supernatural, mysie* 


rious or even prophetic. Socrates 
spoke of the divine and prophetic 
nature of dreams. Quite another 
point of view was that of the mate- 
rialistk philosopher of ancknl 
Greece, Democritus, who held 
dreams to be the continuation of 
the automatic activity of the brain 
in the absence of perception. Aris* 
tolle in his treatise on Or toms 
and Thtir Interpretations expbincd 
dreams as being a aatural manifes¬ 
tation of brain activity. He called 
dreams as "echoes" of perception 
obtained in the waking state. In 
his monograph on Man. his Morality 
and Immorality, the Russian 
thinker, I. Radishchev, spoke of 
the formation of dreams under the 


influence of eiternal and iaterm 
stimuli, connected with the period 
of falling asleep and awakeninj 
Ivan Pavlov, the renowned physir 
legist, defines dreams as a comb 
nation, "in a most unespecie 
manner", of the traces of forme 
stimuli received by the brain. No 
withstanding the progressive chara( 
ter of these ideas on the nature < 
dreams, they were at best onl 
speculative, blind but bold gues 
work not based on precise scient 
fic data. 

We can Judge dreams by th 
recolleciiorts of people who remen 
ber them upon awakening. A 
indirect indication is also the beht 
viour during sleep. Remember tl; 



Shri Hasan b ^ef. of Human Anatomy. Bnia Res. Lah, J.N. Modical CoHega. Aligarh Mi»ticD Un*vtniiy. 
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Nature of dreams 
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appy smile on the face of a chiW 
^ho is dreaming of Mmcihing very 
ilcasant, or bow a sleeping person 
luving a nightmare groans and 
wists. 

Vhal are the sources of drean? 

One source of dream may be 
timuli arriving from (he outer 
K>rld. These stimuli in u distorted 
i>rm arc percepted by the light 
Iceper, For instance, take a per- 
on asleep at home near a summer 



W HILE dreaming, one's control 
of attention, iudaement, ima- 


VV of attention, judgement, ima¬ 
gery and other mental functions are 
considerably reduced. The sequence 
of events to a dream becomes bizarre; 
the dreamer is a passive observer of 
events passing through his mind. 
The dream is not only visual but is of 
a variegated nature, predominantly 
interwoven of visual and auditory 
imageries. However, images in dnram 
are mostly gray not coloured or chro¬ 
matic; the cause of general lack of 
coloured images in dream is not 
known. In dreams, only those 
imageries are cspres.^d which 
one has experienced in waking 
life. Therefore. pers«>ns devoid o( 
auditory or visual senses since 
birth—having never had a parti¬ 
cular experience--can never expe¬ 
rience the respective sensation in 
dream. That is, congenitally deaf 
persons never have auditory imagery 
in (heir dreams, and similarly, conge¬ 
nitally blind persons are devoid of 
visitf I imagery in their dreams. How¬ 
ever, if blindness occurs after the 


critical stage of visual experience, 
after first 5 to 7 yean it docs not 
result in loss of the capacity to 
experience visual images. 

Materials for the dream story cocne 
from the stimuli at the very mo¬ 
ment of dreaming-^s also from the 
dreamers past experiences and his 
interests and urges. The experiences 
of remote past are soroetimes reac¬ 
tivated. That tbe role of experience is 
important, is proved by the fact that 
very young children, having heard of 
fairies* tales, are more likely to dream 
of wizards Hnd fairies. Besides, wish 
is al>o very important. Hungary 
persons dream of food, prisoners of 
freedom and homesick soldiers o( 
their families. Desires, worries and 
tensions have a direct bearing on the 
contents experienced in dream. 

Language of dream is more picto¬ 
rial than linguistic, which meam 
that verbal images do not occur 
frequently in drearns. Obviously 
critical analysis or reasoning is noi 
likely to take place in dreams. 

Z.1 


garden where a brass band is playing. 
He dreams that it is a festive day in 
May and that he is on an outing 
in the country. A brass band is 
playing and happy faces are around 
him. If one compares tbe dream 
and reality, it would appear that 
there is nothing in common between 
them. A man lying asleep in bed 
at home dreams of a gay outing in 


brandt graphically describes hi 
three dreams all associated with tlv 
sound of an alarm-clock. The on 
and the same external stimulus, th 
alarm clock, sounded like a church 
bell in his first dream, like sleigh 
bells in his second dream, and liki 
'breaking dishes* in the third dreani 
Another characteristic detail is lha 
external stimuli delivered to lb 


*1f|. 2 Diafcrammatic re^vewMitioo o( (be 
»ni<n*Ri«chaiiisiii< tor aream. (I) CcfObnl 
lemhphere. <2) MM-broin. (3) poM. (41 
klHlullo i^hlAomro (2 i 3 t 4 f Bnla stent. 
S) Spinal cord, (6)Tha1anu$. (7) Reerkvia's 
nrmatlAa. (t) Medial toodtudinal riMkiita, 
a) Medial «cstllwUr iwrlnit. ( 18 ) Kectkub- 
pinal Irtri. (II) Mwclea of eye-aicdlal 
L<cittv. lateral rectw. (l2)SperKle iliala 
toeorileal pi»itma>. (13) DiffMe Uialavo- 
ortkal pniJeelkMi, (14) Muscle tplodk 
retfylatioo of mwsck lone). 


the country. Hovrever, one cannot 
ignore the fact that he sees his 
dream at the very time he can bear 
the music of a brass band, and that 
such music also figures in his dream. 
It is obvious that the stimulation 
caused by tbe musk is percepted 
by the sleeper and transmitted to 
his brain wl^re it evokes a series of 
images and ideas associated with 
this sound stimulus. 

The German scientist G. Hilde- 


brain during dreams become distor 
ted not only qualitatively, but a^si 
quantitatively; at limes weak stimul 
evoke very strong sensations. Ii 
a dream a person hears deafeninj 
gun-shots, when he wakes up b 
finds that the source of his drcao 
was only the low pufhng of a boilin, 
kettle in an adjacent room. A 
limes, the sleeper dreams that h 
has been stabbed in the heart by 
sword bui the cause of the dreai 
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SLEEP AND DREAM PERIODS 
AT DIFFERENT AGES 

AFTER JOVANOVIC' (1973) 


PERCENTAGE OP DREAM OUT OF TOTAL SLEEP PERIOD. 
PERIOD OP DREAM tN HOURS. TOTAL SLEEP IN HOURS 



AGE CROUPS 



SABY DORN AFTER 
30 WK& MeGNANCY 


31 —35 WEEKS 
3S—40 WEEKS 

NEW eORN SASY 
(ruLi riRMi 

UPTO S MONTHS 
SMONTHS TO EYRS. 
EYRS. TO 5YR$. 
SYRS. TO 9YRS. 
lOYRS. TO I3YR$. 
I4VR$. TO iSYRS. 
20YRS. TO 49YR$. 
SO Y E A R S. 
SO Y E A 
70 Y E A 
SO Y E A 
90 Y E A 
100 Y E A 


R S. 
R S. 
R S. 
R S. 
R S. 


Rl. 3. 


At only the biW ^ i OOtGuito. 
Another source may be the id* 
uJi oHginaCinf imide the body of 

sleeper. Their caosei ere divene; 
D uDcooforUbk position of Uk 
ody, full intestines, diitended 
riiuiry bledder, stnined heart acts* 
ity or difficulty in breathioE. 
Tof. L. Rokblin, (he well-known 
.ussian scientist, cites in his book 
ktp Hypnosis Drtams instaiKes 

DiEhlmare accompanied by fear 
f death was observed in cases 
here the activity of the heart 
uring sleep wai strained for one 
t the other reason. In case where 
te sleeper's breathing was laboured, 
e dreamt that he was being choked 
r that he was drowning. Setentists 
ave repeatedly attempted to eica- 
lish the connection between dreams 
nd various external and internal 
tiuiuli by means of special tests 
n spteeping subjects. The French 
ivestigator Alfred Maury describes 
och experiments that were perfor¬ 
med on him by bis request. An 
»peQ bottle of perfume put to his 
lose made him dream of a perfu- 
let's shop at Cairo, a city ef the 
Astern lands, he had recently 
(siteiL When a red li^t was 
hed on his face, the sleeping Maury 
Ireamt of stomi, thunder and 
ightaing. 

Very often, people have dreams 
hat ledect their every«day occupn* 
ion and the emotions associated 
rith tL Dreams oRen express 
trong emotions, innermost con* 
licta, unsatisfied ur^s, tpprelKn- 
ioos and other feelings that 
oove man. 

hmm M MW W deaf 

It is genemlly held that dreams 
iridg us nothing essentially new, 
md that there is i^thing in them 
hat the individual had not ex* 
Krieoced or thought of in the past, 
Phil has been ao vividly eoafimted 
*y the dreams of people to whom 
he perception of tome sense organ 
las been absent since birth, such as 


the blind or the deaf. Investiptlons 
of this type, particulariy the dreamt 
of the blind, were carried out by the 
Russian psychologist K. Gring* 
yovi. She established that people 
who have been completely blind 
from the day they were bom have 
no visual images *ro their dreams. 
A mso of forty, blind since biitlv 
told her that the river and trees in 
his dreams were coonectsd with 
sounds and odours only. In his 
dreams he recogmred people by 
their voices end defined the ihepe 
of objects by touch. 

It should not, however, be assu¬ 
med that in every single care the 
dream has some definite source. 
Often dreams are of a very eompMx 
nature. They are due to a combi- 

32 » 


QBtion of external and interni 
stUDuli end are influenced by ei 
perieoce of diverse character am 
remote ness. 

The famous Vteonese neurologist 
Siegmnnd Freud, offers yet anothe 
explanation for dreams. Freud' 
first proposition is that dreams a) way 
reflect hidden, unrealised, thwarte' 
desires and feelings. Freud com 
pletely reduces all these hums 
feelings and desires to sexui 
feelings and desires, to their source 
•od inhibitions that ofUn go bac 
to the earliest periods of childhood 
The importance of the sexual im 
tincti in human life is not to b 
denied. It is, however, wrong I 
ignore, u Freud docs, the weall 
and diversity of human emotion 
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vhich L'dnnat be reduced to Caoim ud w^aaiam of d/caa: 

exuai feehngs and desires alone, recent advanced 

)reams, as is commonly observed, A new 'objective method' for 
an reflect many sides of an indivi* investigating sleep and dream 

ual's personality, his interests, mechanisms was discovered by the 

xpcHences, his store of knowledge. German psychiatrist Hans Berger 

iic order and nature of his emotions. (1929). He demonstrated tbit 


Towards bottor 
undorttandinQ 

D reams have always intrigut 
macL Before 19508 an expei 
memer had no way of knowii 
whether his subject was dmming * 
not. However, by early 19S0 b com 
dermUe improvement in this fie 
was made. Eugene Aserinslcy—oi 
of the students of Nathaniel Kiel 
mao, an authority in paychopbysii 
logy of sleep and a professor i 
Chkngo—was observing eye mov 
meols of sleeping infants and sicepi 
adults. He had arrangement fi 
electrical recording of eye movemeO 
in adutU. He discoveied that dreai 
ing is signalised by a rapid eye mov 
inent(REM). as opposed to dreamle 
period with non-rapid eye moveme: 
(NREM). He also recorded hea 
beats, breathirtg rate and brain wa' 
pattern as irtdicaled by the electn 
encephalogram (EEC). As EEC of 
sleeping individual difiers from th; 
of a waking one, EEC also difie 
from one arK»iher during REM ar 
NREM periods. This difference wi 
not dearly established before m 
ocher Kleitmao's student. Williai 
C Dement, showed that dream 
characterized by a distinct physi< 
logical state with iTkore rapid breail 
ing. heart rale and eye movemei 
along with a change in EEC. T1 
EEC artd REM are particular 
important in dreams. 

electrical potenUal changes coul 
be detected by electrotks place 
on the outside of human sku 
(electron ncephalogram. EEC). Thes 
changes are very small (in th 
re^on of 50 microvolt}. In th 
normal waking state the potential 
are intagraiad into regular waves c 
two frequency ranges; from 8 l 
15 per second (alpha rhythm, ab 
known as Berger rhythm) and I 
to 25 per second (beta rhythm] 
These wave forms are establisbei 
at adolescence. With ikep tbes 
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fottftie) <d BidtyidiHl «iw iacm- 
ei Sbcp Itself cu tto loa^r 
vpided M • VAcle fiste. KcceA 
aveedtitioDi by T. Demjv of 
he DeptftneDt of Ptqrsioloty, AM 
Adk InstitiiCe of Medical Sdeaeci* 
itm De|lu» hive coofimd that 
*the loforoMtiop commaBkatioii ia 
I ileepiof braio b ia maay «ayi 
ludoct from that of a wiliac 
ttle*'. Oriadaty ikep» ia which 
he nihfect awkee bo eye ot limb 
Dowmeate aod exhibitt hi^ mmfb- 
ude ik>w E£G waves, b ialerni^ 
ed ievenJ ticaee in the aighi by 
ehat b termed as the 'paradoxical 
bep* bttiBt for a few minutes 
). Dufiag Ibis phut the subiect 
hows rapid eye movemat (REM 
Jeep) and rapid, low-voltt^, ooa- 
laifona EEC activity b observed. 
Jut, judged hy the inteaaily of sti' 
ouli necemary to wake him up, 
he subiect is more deeply asleep 
luriQg "paradoxkaU ^tep" thaa 
luring ordinary sbep (accordiog to 
4. Jouvet of the Departmeat of 
kpenmealal Medicine, Lyon, 
'ranee). Sioce ihb ttage of deep 
esembbs aeither nonaal Dor wake- 
ul dale, it has btea givea the mat 
'pandoxical sleep**. The Ajoe- 
kna Deurophyshdoguti E. Asefin* 
ky and NathaabI KJeitmaa (I95S) 
ludied the momneati of the eyas 
luring sleep by recordiag the elec* 
ro-oonilognm. They foond that 
he paradoxicaJ sleep (or fast 
rave sbep of EEC) was lavariably 
saociated with rapid eye mowmeat 
REM). HnixMa beiagi aroused at 
tiaie whea they showed low votCafe, 
ist wave EEG activity and raped 
ye movemeaU generilly reported 
hat they were draaDuag. Thb 
bmrvation and other evid ence 
idicalB that rapid eye mowKni 
leep (REM) and dianmiag are 
loee^ aasoctaitd. That dm para- 
oxieaJ sleep b abo knowa as 
fast-wavs'* sbep, activMed dbep, 
ipid eye movement (REM) sleep, 
eep sbep or *draaffliag* deep. 


Prom mpU eye movamema 
fimilir to cme shown by hnan 
beiap whib dtenmiag, Me <na mder 
that the aaimab abo team. Some 
40 diftrem spe ci es of mammali 
ham raoendy baea sydemaikaly 
mmstipiad by RB. Vaa Tbyver 
(1974) of tbe Departmem of 
logy, Floridi TechabaJ Uanenhy 
(U.&A.). The 'paradoxbaJ ibep* 
was ohmrved in all the mstamels 
eicepi the amaotRBes (egg-hy- 
iag mamraih coammiily found 
in Auttralia). Via Twyver (1974) 
concluded that the y— 
sbep (aiMbted wHh teaming) 
was of rvoeat origio and coincided 
with vmpartty (the ability to giva 
birth to living young). Ihia those 
mamiiab whidi give birth lo hviag 
yoaag are capable of dreaauag. 

lafonaatioa obtained from aaimal 
experbaeats has Albd la many a gaps 
ia oar kaowbdgs ttgardiim tht 
mrrhanbms of dfeaaa. Fluid 
oboined from the biaia (CSF— 
oerehrospiaal tmd) has been shown 
by the Swbs phyd u l ogb l Mared 
MoBBirr (I96f) lo comaia a subs- 
taam wRh propertbs that iadace 
sbep aod tnennm rapid eye move- 
mem in abn aaimab. There m 
some cvi^nce that for 

the two ahermUiag phases of deep 
(rapid eye movemeat aod aon-npid 
eye aammeat, *sbw wave deep*) 
lb ia the brain-rtem (Fig, 2) 
and are afloeaced by bsogete 
aauaes, partirwbrly S-hydroxy 
byptamine (serotonia) and nw- 
epinephrme. The mrotoain-coo- 
tarniag nene oeOa aie loaled in the 
medial lepmmsm Cnaer and more 
donol part) .of the poos and bwer 
Bnd*braim They project apwards 
to the hypo th a bmm , thabana and 
medbl temporal cortex (coocemed 
with tic regubtioc of enocioB and 
iaiemal cavkoomem of the hodyX 
DertRcdoii of serolontn<omaiai^ 
nerve ctMt rasnfti in tamn uua (loss 
of sbep) with dmippaaiaace of both 
the phases of ds^ iahibstors of 
the enzyme monoa mte oxhbse. on 


the rMher hand, leWtively diminii 
or aboluh the rapid eye movemei 
sleep. Further, the dream comp< 
BBt ot deep can he sebctivel 
inhibited by the destruction of no 
eptnephrine-coauifling nerve cel 
ia te locus coerubus (a Uuish arc 
ia the pons), it is likely that noi 
epinephrine plays a pivoul rol 
ta the causation of ihr 'pandoxici 
sbep*. This is. however, contr< 
venial. The German physiologi: 
VJ, Jovanovb' (1975) claim 
to have successfully abolished th 
paradoxbal sleep (REM) by givin 
drugs which block Ihe tynthesi 
of nor-e^nephrine (alpha msih) 
dopa). Oa the other hand. Ih 
ItaJba physiologists J. ). Ssguii 
and CO workers (197)) have pu 
forward the view that the rhythmi 
dbchargei of the medbl vestibula 
nacbui of Ihe pons (associated wUI 
REM) are due to the activation o 
an acetylchoJioe-libe rating mecM 
lusm. A unified concept is projsc 
ted by the Swiss physiologist, Msree 
Moanbr (Of ihe litsiiiute of Physio 
logy, Universiiy of Basel) lhat for i 
normal sleep* wakeful ness rhyihn 
an interaction of activity of seroto 
aia, nor^epinephrine and acetyl 
choline should occur. 

The structural basis of rapid eyi 
movameot sleep has recenliy beei 
ehieidabd by the American neuro 
pathologist Raymond Adams (1974) 
Tlib phase of normal sleep ha 
been traced to bursts of activity it 
the medbl vestibubr nucleus o 
the pons whbh is connected througl 
Che medbl longitudinal fasciculu 
to the motor nerves supplying ey< 
ball musdes (Fig. 2). Also M 
iouvtt of the Institute of Experi 
mental Medsdne, Lyon (France 
has shown that the paradoxica 
deep b imposed upon the cerebni 
oortex by the nuebi of ih 
pons. Dreaming is a manifcstatioi 
of the residual cortical activii; 
in light sbep (as judged by EEC 
but deep sleep is determined b; 
the strength of stimulus needed t< 



iraim 
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wake up) and of a bf\.akdowfl of 
critical reactivity. The fear or wieh« 
fulfilmeni, accortUng to Nathaoiel 
Kleitmao, the well-known Ameri- 
:aD sleep physiologist, li also an 
ndication of the inactivity of the 
highest centres of frontal cortex. 

Embryologically. at the fottai age 
)f 28 weeks there is no evidence of 
vakefulness. in older, premature 
md newborn babies sleep is broken 
ly periodic awakenings (Fig. 3). 
fhere occurs a shortening of dream 
>eriod from birth to old age. One 
hould, however, live for more than 
00 years to reduce the dreaming 
eriod to zero per cent. This con¬ 
orms to the "evolution theory" of 
ream put forward by Nichaniel 
lleitman (1963). The sleep period 
^ith rapid eye movement is longer in 
nrmaJ>> lower in the scale of cvoJu- 
ion and also in the younger animals 
r u given species. Thus the dreaming 
ppcars to be a biological conpo- 
ent of sleep and that it is given a 
sychological meaning at a later 
lage when the brain has had time to 
evelop functionally. One may also 
ike into account the dissociation 
f "brain sleep" and "body sleep” 
n ^low wave (dreamless) sleep, the 
rain (psyche) sleeps but the body 
lay be awake as is seen in ilee^k 
'Clkers. At times, in cases o( 
Ireaming' sleeps the body sleeps but 
ie brain is awake. This occurs in 
1 C course of nightmares. Thus 
here are many systems involved 
1 si cep-wakefulness-dream. One 
ystem is responsible for the psychic 
omponent of the dream and tbc 
1 her for the physiologic component. 

kCdsety of sex orgaas dvlng sleep 

There is a hi^ incidence of erec- 
on of penis during "rapid eye 
lovement” sleep Erection of penis 


(according to ^diajlofrapbic im^- 
p dons—recording of electrical 
potentials of penis—carried out by 
the German ^yswlogist, UJ. Jovt- 
novk) occurs 3 to 6 timet in the 
night. The strength of erections 
(strong Of weak) add their period 
vary. The phases of erection and 
dream occur more in the later 
part of the night (early morning 
hours) than in the midnight, la 
young adults, the total period of 
erection of penis has been found 
to be 100 to HO minutes in a 
night and dreaming period 100 
to 107 minutes. Earliest age at 
which erections of penis were 
recordable was 6 months. In men 
over 70 yeare, crectioas were still 
found but the total time period and 
strength of erection was reduced. 
Sleep-walkere and bed-wetteri 
showed longer periods of ereeboos. 
Similarly, erection of clitoris and 
contractions of vagina were recorded 
in females. 

Fuctloul i lgrtffce af draum 

Dreams often appear as guardian 
of sleep and integrate external stimuli 
to their own conleots, according to 
Siegmund Freud. This protective 
function of dreams in defence 
of sleep is clear from Freud's obser¬ 
vations. For example, the dream 
takes care that the awakening sti¬ 
mulus is so modified psychically that 
it loses its stimulating activity. 
Marcel Mounter (1969) dies a typical 
example of dream as a guardian of 
sleep given by O. Rank. The maid 
dreams of a call of a nature in the 
child (symbol of the waking stimulus): 
the call is satisfied and so she 
can go on sleeping. Strengthened by 
the waking slimunlus the content of 
the dream is often intensified. The 
waking stimulus wins and the maid 


wakea op when it is too late (Fig. < 
Recent trends in sleep phyaioloj 
(Dell. F. and U. PuiziUout of Ma 
seiUe France, 1974, "Interference < 
baroreceptive and vagal aflerem 
with sleep mechanisms, Proc, XX\ 
InttrnatioM! Cretgf. of Physic 
New Delhi, 10, 108-189) sugge: 
that the rapid eye movement slee 
(associated with dreams) service 
mainly maturation and organizaiio: 
of brain functions. 

Is dreamtni nececaary to malatali 
haalth? 

If humans are awakened ever 
time they show rapid eye move 
ment, they become SMoewhat irri 
table and anxious. If they are thei 
permitted to sleep without interrup 
lion, they show i great deal mon 
than normal amount of paradoxica 
sleep (associated with dreams) foi 
a few nights. The same "rebound’ 
effect is seen in animals treated the 
same way. These observations have 
led some investigators to conclude 
that dreaming is necessary to main- 
lain menial health. 

Further reading 

1. Aserinsky, E. and N. Kleitman 
(195$). Two type# of ocular moti 
lity occurring during sleep, / 
appl. Physiol.. H, 1-10. 

2. Freud. S. (1961), Die 7>tfum- 
deuiung. S. Fischer Verlag 
Frankfurt. 

3. Ganong. W.F. (1973), JUview oj 
Medical Physiology^ 6th ed., pp. 
120-124, Lange Medical Pub!., 
U.S-A- 

4. Glees, P. and Mahdi Hasan 
(1975), In Klinische Pathologie 
des VegetativeH Nervensysiems, 
Eds. Sturm and Birkmayer, 
pp. 141-204, Gustav Fischer 
Veriag, Stuttgart (W. Germany). 
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GENETIC ENGINEERING- 
TWO SIDES or A COIN 



KESHAV TREHAN 


•CHEMICAL engineering, eicctri* 
^ cal engineering, aeroniuikal 
ngineering. civil eoginecring and 
nw hot from the oven is what 
i called the genetic enginreriog 
nd technology. This h perhaps 
he finest outpMt from the bnins 
r biologists who have been 
uterested in tailoring and cninipula- 
ing heredity to the best of man's 
dvanuge. In principle, genetic 
ngineering rtfere to the technique 
if adding, lubiracting or lepbcing 
egments of hereditary material 
ailed DNA which aciually carries 
he genes. Oenetic engineering, 
n short, is on the brink of revolu- 
ionizing the traditional cowcpt of 
nan about God and creation. Some 
cieniiits claim that (he only thing 
DO sacred to tamper with is scieoii* 
ic investipiion itself. Others, 
lowever. point to numerous instances 
n which technology has outrun 
nan's wisdom (nuclear slockpilet) 
ind (hey envisage (hat if research 
n genetic technology is not constra- 
ned by set guidcitnes. geneticists 
nay bring into being a dPeary Hux- 
euiR nightmare. 

The onset of this new revolution 
wry discipline of genetic engif^r- 
ng look place at MIT. U.S.A. 
vhen Nobel Laureaie Hargobind 
Chorana and his schco' firet re- 
x>rted total synthesis of an arti- 
icial gene with the potential for 
unciioning inside a living cell. 
VUhough this was perhaps ttw ompl' 
‘■it and smallest gene that could 
vxturally be present in a living ofl t. 
«t Khorana group's lesult lapnneii- 
ed a major step toward tlw day when 
)iochemical cure of genetk ^ects 
wa be a reality. Since Uwn many 
irticks in the popular press tem 
eaded towards PiomettKon predic- 


liofts of unlimited control and have 
led tbe public to expect the Nue< 
prints of human personali lies. Most 
gen^icists. howewr. have had 
more restrained second thoughts. 

CanaciiBg ■iwikei ef the Oealer 
Currently there nre more than 
ICO laboratories aB o««r the world 
involved in perfcctiiig techniques in 
genetic engineering and lecombifiiag 
DNA from m^ral sooites to cons- 
liimt hybrid notec u ie s of hmdity. 
The concern stems from a recently 
developed technique for joining 
unhlce piaoea of DNA into biolo|i- 
caOy fbrtinnil mokcnles that ean 


be introduced into research wuri 
honest he bacterium Bsefterichia 4 ol 
The technique employs exlrachromr 
soma I rings of DNA, called plasmid: 
which are extracted from bactei'ii 
cells, snipped into linear pieces an 
Sluiced with foreign DNA fragment 
to form new hybrid molecuki 
These artificially constructed [^asmic 
can then be reinserted into bacteri 
where they again replicate at a rapi 
rale expressing genetic informatio 
from both parent DNA molecule: 
This exciting new method has bee 
developed hy Stanley N. Cohe 
and his research assistant. Anni 
C.Y. Chang, of the Department < 
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iighimlut the toe* to otptoln iNrotOi flahic wfaik* of crop phAo: 1 . Pv^ntfea ol 
ortorkl coQi wtife ploisMc urrytaf g«Mt for ritrogn *—«*— ^ Proparate M 

VlfeafiBi attrofBO fJihs plamHo. TVo coa ho UMbM bp m «hpm IpHt 

Mil CM foto two Mecca of tMcc tofcter. Tbs • bpIrM aoioc^ b fcrac4. 3. ^Sm^ 
Bpltfkittoa for nlirofCB fluttai. Tlw bpM MmhM MloeMc cn '‘Mbcl*' n4 MM- 
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aatt caa be raM froB Ibeae aibt lliaoe c^Ibo befeMpaea. 


Medicine. Stanford University, in 
oliflboration with microbiologists, 
'urther expetimeau by the above 
;roup demonstrated that aotmal 
)NA» ffom South African* toad, 
ouid be ii tUced with pla smld D NA to 
>rm recombinaot molecuks which 
splace itabJy iit the bacceru and 
spress the ability to lyntheiize 


a particular nuckk acsd coduif for 
enzymes. Two moit reaearchers 
at Sunford Unhanhy, CaHfonda, 
Janet E. Meitz atvl RoanU W. 
Davis, hava diacomad a Mrkdoa 
enzyme which ckam DNA or 
hereditary naiariaJ ia a very apedal 
way ^reatiag **iticky e^* whkh 
faediute joinieg of two ^edet of 


DNA iibo hybrid atobcssle. The 
d ij c o w enea have gmUy ftesfiate 
(he meaich on forttini faybri 
hEfeditaiy moteetdea. Gib ca 
foieKC that the benefits of lecombii 
ing DNA could lead to advances i 
mfd i cti i t aad to a large estent i 
agricultafe. It pecau to be ofleitB 
pomiMe breakthrough in baai 
re«arch u well as practical a|^ 
catiooi. 

The most important praetkt 
applications include the conatructio 
of bacterial cells as **fa^Ofie$'* fc 
synthetic ng medically vaJuabI 
biological subpunces such as iniulii 
pttunajy growth hormones, hums 
antibodies, human interferon c 
viral protems for vaccine fvoductior 
Professor Jo^ua Ijiderberg. Nobt 
Laureate in medicine and physiolog 
at Stanford Uatversiiy, writes *'Thi 
ia the directive, in my own view 
that will bad to a technology o 
untold importance in diagnosti 
and therapeutic medicine, the read; 
production of an unlimited variet 
of human proteins*'. Aoothe 
application Is the eventual gen 
transplantation to help cure huma; 
hereditary diseases. Much experi 
mental vwk ia underway to come 
^netic disorders which ctua 
diaeams. 

A aMuraon example o 
genetic dricaar in human beings i 
diabetes. Many patients arc kep 
alive by repeated iiyectioiu o 
the honnone insulin. While i 
keeps them alive, the iigection o 
iniuhn is not the full eduxvaleot 01 
the nonaal pbyticdogical fuivtion 
Such diabetics ait known to be mon 
sumeptibfe to diaeaae, to heart an^ 
ctrcalatory probkiaa,etc. Nonnally 
the synthesis of inaalui takes jfka 
only in beta celli ia the iriands ol 
L angarta mt in the huamnpancreaa. Ip 
the diifaetica theee oeOs fhil to pro* 
duce at adeqoite amouai of insulin. 
Sinoe the fdl DNA conMniof^nooK 
is present in every edL the genetic 
i nmnaaiu ns ipem^ing the aeqaenot 
qf imaiin are piobnbiy preaeni In all 
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r HB tckoct of genetic engineer* 
log it the outcome of some 
(ujor developments in DNA techno* 
ogy. The mtjor edvanccs *re: 
liscovery of means for cleavage of 
>NA at specific sites, development 
»f methods for joining of DNA 
nolecule and discovery of techniques 
dr the introduction of DNA into 
otherwise resistant organisms. Now 
he enzymes are krtown which pro* 
ect the host cell cgainst the inva* 
Jon of foreign genetic material, 
rhese enzymes, known as restriction 
;i»donucleases, break up (he DNA 
tproducibly at a limited number of 
Aiet by rccog..oing specific tracts of 
DNA ranging for 4 to S nucleotides 
n length As cleavage is the asuft of 
in enzyme and the suceptible sites in 
I DNA molecule, the number of 
cleavage depends upon both the 
particular enzyme and the particular 
DNA. In some instances there is 
>nly one such tract and DNA mole¬ 


cules split at only ot^ place, whereas 
in some cases DNA can be severed at 
13 sites by using different restriction 
enzymes. The restriction enzymes cut 
both strands of DNA molecule, and 
the break may be at the same base 
pair or staggered by several bases as 
shown below. 

Tht segments of DNA thus separat¬ 
ed have sticky ends, or can be made 
sticky with chemical treatment, and 
joined together in an arbitrary 
manner In one insiance. the ribosc* 
mal kUA genes of African clawed 
toad have been introduced into 
Escherichia rWr where they w^re 
propagated for ICO cell generations. 
In future it may be possible to trans¬ 
mit genes into bacteria from human 
beinp for the production of insulin 
on a commercial scale. Industrial 
production of other chemicals and 
drugs can also be envisaged. 
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cells of the body and not only in 
the beta cells of the islands of 
the Langerhans. Bvidently, these in¬ 
structions pre^ntin other cells are 
^01 in use One approach to the pro¬ 
blem of diabetes would be to attempt 
to turn on the synthesis of insulin in 
another set of cells. One can supply 
to a group of these cells a whdly 


new ^ne or set of genes which would 
code for the synthesis of insulin and 
which might not be sul^ci to the 
normal repression. In order to doit, 
one his to take the help of microbial 
genetic models. In bacteria, a 
variety of means exist to provide 
exchange and increments of genetic 
material. One interesting way is 

m 


through the a|cncy of viruses and 
another is transformation which Is 
uptake of genetic material directly 
by the cells. In the case of patho¬ 
genic viruses that kill cells, the virus 
information is ultimately lost to the 
host. However, many viruses are 
simply passengers'* and do no 
delectable harm to the cells they 
infect. These viruses can carry 
genetic insinictioni from one cell and 
transfer or transduce into anothei 
cell. These transduced pieces ol 
genetic information then become the 
permanent properly of the recipient 
cell and information in this piece ot 
gene is utilized by the cell for iti 
own advantage Two such viruses 
known to have infected man arc SV 
40 and Shope papilloma virus. In 
several cases there is every reason to 
suppose that viral genetic informa* 
lion becomes a relatively permanen' 
operational part of the genetic 
information of the rnfecUd cell 
At this point technically and literally 
the stage is set. If one could obtair 
a virus similar to SV 40. able tc 
pursue within human cells and carry 
an expressible gene for insulin ir 
lieu of a normal viral gene, om 
could indeed be able to provide i 
genetic alternative to the daily injec 
lions of insulin. Not in the disUn 
future, one could also synthef^tze i 
polynucleotide chain (which make* 
DNA) capable of coding for insulir 
and for other genes necessary to in 
tegratethe DNA into a chromosome 
or maintain it as a plasmid. The 
art of polynucleotide synthesis ha 
already been perfected by Profes.so 
H. Xhorana and such a synthesi 
need only be done once becaus 
when the DNA is available, natur 
provides the means to copy it wit 
the highest fidelity. The manufecti 

red and/or inserted segments uu 
be permanently associated wit 
cells and supply the genetic informs 
tion required to produce the missin 
enzyme or protein. At presen 
there are difficulties in estiblishin 
the permanent association of th 
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DNA with t:w cell. Once 

the pensuoeat issocution with the 
host cell is accompliihed, any 
gene can be "engineered". People 
desirous, before they are conceived, 
:ould have exact characteristics 
desired by them in their child. Not 
only colour of hair and eyes. sex. 
height and built but also whether 
one wants one head or two. one large 
brain or several small brains could 
be engineered. Besides, genetk en¬ 
gineering by surgery of "sick" genes 
is not very remote, and repairing, 
replacing or suppressing a sick gene 
ran be envisaged. 

Proxy mothers 

One interesting potential which 
genetic surgery or engineering can 
itiribute to humanity is that of possi¬ 
bility of separating "genetic mother¬ 
hood" from "gestational mother¬ 
hood". Women have been both 
:he "genetic* mothers" contributing 
:heir genes and chromosomes and 
* gestational mother" contributing 
lourishment to the fetus. Reports 
:Uiming transplanution of an 
embryo from one woman's womb 
o another have been published. 
Dncc an egg (fertilized ovum) can be 
successfully implanted in the womb, 
:he way is open for "proxy mothers". 
Fhis would perhaps be of great 
idvaniage to people who are issueless 
or any hereditary reason. Tech¬ 
nology could go ooe step further and 
limply eliminate the process of 
pregnancy and child birth altogether, 
fhere are a few reports from Cam¬ 
bridge, England, of in vilro fertili- 
:a(ion of human ovum. A human 
mbryo could also be removed from 
he uterus and placed in an artiheial 
vomb, that is, a womb contrived by 
nan's technology. Such ex-uiero 
;estation may have some obvious 
dvantages. Bui, a word of caution! 
t does not Imply m any way that one 
an dispense with family. In this 
ighly impersonal world, the family 
; the only institution where each 
ersoD is sought after and loved for 


what he is and not for what he does. 
Destruction of family would perhaps 
be the most cruel act. 

Oat of wedlock 

Ooe ides which can be traced back 
to genetics of micro-organisms is that 
of "doaiag" the human cell. In 
priiKipte, the nucleus of a living cell 
is induced to cleave and propagate 
a whole organism genetically identi¬ 
cal with the one from which it was 
taken. Comng is a procedure to 
obtain a blueprint or replica of the 
original cell or organism. This has 
been achieved with plant and animal 
cells, in tadpoles of frogs, in certain 
species of flies and in carrots. 
Cloning of humans may be taken as a 
possibility only in remote future since 
no successful cloned human cell has 
been achieved. In a way, cloning 
will be more drastic in manipulating 
traditional methods of bringing new 
humans into this world. U will be 
entirely asexual and both ovum 
and sperm would be unneces¬ 
sary. There will practically be no 
need for genetical intercourse and 
pregnancy, 

Greta revolotioa 

In the realm of agnculture there 
seems to be a real and benefkial 
contribution of genetic engineering. 
There a re several areas in agriculture 
in which knowledge of genetic engi¬ 
neering can be s'Jccessfully employed. 
The most important being* <i) intro¬ 
duction of genes for nitrogen fixation 
into nonlegumlnous crop plants, 
namely, wheat or rice, (H) incorpo¬ 
ration of genes suitable for the dry¬ 
land farming, and (iii) incorporation 
o( genes for with.standing high sali¬ 
nity particularly in saline soils. 

Although plant breeders would 
still like to make an effort in this 
direction, the is lengthy and 

there are several barriers, parti¬ 
cularly of incompatibility. But there 
ire several bacteria and blue green 
algae which have the ge^tic potential 
to grow successfully in dry a nd desert 
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areas it well as in babitau with big 
salinity. It might be possiUe som 
day, vd)en the technology is fairl 
standardized, to incorpoiile or trats 
fer the genes for characters froi 
these microbes to crop plaots aa 
use the vast wasle land areas fo 
agricidtuni purposes. In fUtur 
such techniques may have profouoi 
effect on the possibilities of iocreai 
log nutritional value of foods at 
time when it may be critktl fo 
the survival of mankind. 

Too dose to perfection—a perfec 

danger 

Genetic engineering presents quit 
different problems in man and ii 
bacteria With bacteria the mon 
issues are simple. However, will 
man moral issues really caus 
concera. One possibility of geneti 
engineering that raises serious mors 
question is the creation of clones 
carbon copies of human being 
already in existence. Normally, i 
child is unique because he o 
she inherits the charade ns lies fror 
both the mother and the father 
The possibiiiiies of human cloain, 
are enough to startle even a Kreno 
fiction writer. Societies would b 
tempted to cIock their best scieniisli 
soldiers and statesmen. This woul> 
en.sure a dictator to extend his powet 
beyond the grave. 

Fear has also been expressed ths 
the escape or organisms containin 
oovel hybrid DNA might tnadvei 
tently cause the spread of fnfectiou 
disease, carcino^nlcor toxic agent 
or it might extend the range of anti 
biotic retisia&ce. Tht potentii 
danger to human health stems frpn 
the fact that E. coii is primarily use< 
asa host for rveombioaot DNA mole 
cules. Certain strains of £. co//at 
already eommon inhabitants of th 
human intestinal tract, so no on 
can estimate the consequrnoes i 
experimental strains of E. eoii con 
tataiag new DNA combiaaiiona wen 
to escape, infect research workersam 
{Conii/md on page S7i 
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THE STORY OF 


CRYSTALLOGRAPHY 


G. D. NIGAM 


The history of crystallography is the story of development of 
the concept of space groups as assessed from the microscopic 
observation crystals 


r KE story of crysullognphy U 
full of excitemeot. Elucidatu^n 
f the structure of sodium chloride by 
ir Lawrence Brsfg in 1914 aadof 
>NA by WatioQ« Crick and Wilkins 
1 1952 by X*ny methods are the 
lajor milestones ’tk this field. The 
rst eventr evolutionized chemUiry, 
•hi\t the second provided a new 
ision 10 look into the mysteries 
r life. 

Crystallofraphy U the science of 
rystals, and so v>e must ask: What 
a crystal? Crystal is an unusual 
.ate of matter, its form and beauty 
ave attracted the itlenlioo of man 
nee early times, la middle ages 
rystals were priaed for beauty as 
eil as magical powers they were 
elieved to possess. The word 
rystul* comei from the Greek word 
(.ru»uUo$' used to describe trans- 
arent crystal cf quarU which was 
eiieved to be water frozen by iaicnie 
Did. 

The concept of a lattice is 
ecessary in properly understanding 
crystal. A lattice is a parallel net- 
ke arrangement of poiats in three 
imensions as i result of repetition 
y three noncoplanar translaticiu, 
i crystal structure is formed by 
ssociailng, with every lattice point 
unit assembly or basis of atoms 
lentical in composition (Fig. 1). [f 
1 C entire lattice U shifted by a 
istance <? or as shown in Fig. I, 
le lattice remains uodislurbed. In 
ther words the lattice has a symmetry 
f translation. This is the basic 
haracteristic of crystals. Besides 
lie translation symmetry, a crystal 
an possess axes of symmetry like 
tvo fold, threefold, fourfold and 
ixfold, plane of symmetry or mirror 
nd a centre of symmetry or various 
ermissiblc combinatioas of these 
ymmetries (Fig. 2). We can define 
n axis of symmetry as a line such 
tiat after rotation about it through 
60*In, the crystal assumes a con- 
ruent position. The value of n 
etermines the degree of the axis. 
Crystals have been divided into 


seven major systems on the basis of 
symmetry consideration. Each of 
these systems Is further subdivided 
into a number of symmetry groups, 
the crystal classes or point groups, 
all possessing in common the charact- 
eristic symmetry of the system. The 
symmetry of a crystal is specified 
completely when its space group is 
known. A space group is a set of 
symmetry operations which make a 
pattern repeat in three dimensions. 
There are in all 32 crystal classes. 

A crystal, as we see it, is a solid 
bounded by naturally formed plane 
faces. The planes are an outward 
manifestations of the internal 
arraagement of atoms and mole¬ 
cules i& a crystal. Further, a 
crystal is not an exact scale model 
of aoother crystal of the same 
substance, and so the outer symmetry 
U foiaeliraes ffliileadiog. Before the 


discovery of X-rays it was difficu] 
for an observer to sketch the inne 
symmetry of the crystal structure. 

Gaaaical erystallegraphy 

The first step to show underlyin 
symmetry of all crystals of a give 
substance was taken not until 166^ 
when Nicolaus Steno of Denmar 
published De Sotiiio /nrru SoUw 
NaturoJiire CoMents. In this worl 
he made an observation based o 
his study that the angles betwee 
the corresponding faces of 
crystal are same in case of quart 
U is known as (he law of cons 
fancy of an^s. Stetw's work ws 
the first attempt to discover an orcU 
in the variety of crystal shapes. 

A remarkable observation wt 
made in 1774 by Abbe Huy (Fre nch 
Huy observed that if a calcite t 
coniiouously cleaved, one arrives s 
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1 final rhomboid nucleus or molecule 
ntegranie by (he repeiiiion of which 
;he whole crystal is buiU up. Fig. 3 is 
;he reproduciion of one of his hgures 
ivhich illustrate the construction of 
he 'dog-iooth* habit of caldie from 
‘homhohedrul units. Further, he 
uund that there were three directions 
n the crystal along which lie could 
>reuk i« and get a bright plane surface 
live the first one. Such a plane in the 
^ry^ial is called a cleavage plane, 
hie noted (hat the angular relation 
^rs^een the cleavage faces was the 
Mime in every fragment, and so he 
arrived at his concept of molecule 
ntegruntc. Huy also propounded the 
uudamental law of crystallography, 
uimely, the law of rational indices, 
Vccording to this law. the intercepts 
if a face of a crystal on three suitable 
hosen ajics are rational functions of 
heir axial lengths. 

Christian Huygen (Dutch) and 
tobert Hooke (Eiigllbh), ai aliiiost 

he same lime in 1665. imagined a 
rystal to be a stack of spherical 
articles packed cl(»sely together in 
regular way. Fran? R. Neumann 
nd Carl F. Neumann (both Gcr- 
luns) went far in deducing the 


symmetry properties fftherent la ciy- kter. Bra>«ts showed that As two < 
stabofa given substaue. and class!* them were ideaiical and go then 
fied the crystals into seven systems. 14 types of space laQices. 

J.F.C. Hessel (Gerraan) showed in About fi/ty years later. E.S 
1830 that crysuls possess only 32 Federov (Russian), A.M. Schoenflic 
possible symmetries. Later these (Certnan) and W. Barlow (En^isl 
were recognised as point group indepeodently pve a complet 
symmetries—the group of symmetry enumeration of 230 space group 
ekmenb which make the crysul artd 32 crystal classes (point groups) 
indistinguishable about a point. This developmeot is the final step ii 

Crystallognphy progressed hereto- ibstfactiog the inner symmetry fror 
fore in a somewhat empirical manner, the eiterail forms and gross physica 

In 1842, Moriu L. Frankenhein and properties of crysUls. 

Auguste Bravais, both of French In the middle of the present centur 
origin, coticeived a theory which there were further developments i 
explained the crystal systems and the theory of symmetry through th 
their subdivisions on the basis of a work of Russian crystallographer 
.space lattice. A primitive definition A.V. Shubaikov and N.V. Belov 
of space lattice has been given before. Shubnikov introduced the ope ratio 
Frankentein*s contribution was to of amiiymmetry into space grou 
add that (here are other ways of theory. The basic idea is that i 
arranging points with identical addition to the three ordinary spac 
environment in parallel orientation variables x.y, 2 , which were considet 
so (hat (he whole array displays the ed in the theory of space groups 
symmetry of (hat system. For one may consider a fourth variable 
example, if we start with a udit cube say S. which can take one of th 
which has a lattice point at the two values, such as + or - , black o 
intersection of body diagonals as well white, magnetic moment parallel o 
as at the corners, we get by transla- antlpanllel to a given direction 
(ion a new type of cubic space lattice The new theory showed that there an 
which possesses all the characteristic 36 Bravais lattices and 1651 Shubni 
of the cubic syslem. In (842, Frank- kov space groups. These develop 
kenhem concluded that there are 15 menu proved invaluable indescribin 
(ypes of space lattices. Four years the structure and properties of ferra 
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magnetic and anii*rerroma|neiic 
materials. 

Modern crysta|]ograp)iy 

The era of modern crystallography 
begins from 1912 when Max von 
Laue (German) suggested his two 
assistants. Friedrich and Knipping. 
to try X«raysa(Tectona crystal. Laue 
argued that if X-rays were ekciro- 
magnetic waves of wavelength 10** 
cm and crystals were built up of 
three dimensional lattices of the 
same orderof magnitude as the wave¬ 
length of X-rays, the X-rays would 
be diffracted. When X-rays fall on a 
crystal, they combine with each other 
in such a way that in some directions 
the scattered X-rays are rein¬ 
forced and in other directions they 
annul each other This phenomenon 
is called diffraction (Fig. 4.) The 
firat trials bore no result. But when 
Knipping placed a photographic 
plate on the other side of the copper 
sulphate crystal, he obtained a 
photograph. It showed a pattern 
of difTfracted' spots which enabled 
him to determine the atomic arrange- 
menl inside the crystal. A new 
brajwh of science was thus opened. 
Later in 1914, Professor Max von 
Uue was honcured with a Nobel 


Prize in physics for this famous 
experiment. 

Laue carried si mi br experiments 
on the crystal of zinc blende. Direct¬ 
ing the incident beam along three¬ 
fold axis of the crystal the arrange¬ 
ment of diffracted spots on the pho¬ 
tograph also showed a three-fold 
symmetry (Fig. 4). Paul Niggli 
(German) in 1919 showed that the 
space group of crystals could be 
determined from X-ray diffraction 
photograph. 

The scene of the drama shifted 
from Germany to England when 
Professor W. H. Bragg of the Uni¬ 
versity of Leeds did some pioneering 
work in X-ray spectra with his 
famous X-ray spectrometer. He 
was naturally interested in Lauc's 
results and so discussed them with 
his son. Lawrence (Sir Lawrence 
Bragg) who was then a research 
student at J. J. Thomson's labora¬ 
tory. Cambridge. The younger 
Bragg thought seriously over Laue's 
paper and explained the results in 
a much more simple manner. He 
imagined the crystal as consisling of 
a set of planes. The diffraction of 
X-rays, according to him. was equi¬ 
valent tc reflection from these pbnes 
(Fig. 5). Kis celebrated equation is 
2 dSin d n h 

where d is the spacing of the 
structure.* 0 the glancing angle, h 
the wavelength of X-rays, and n 
is an integer This equation came 
to be known as Bragg's Law. To 
illustrate (he princi^es of X-ray 
structure analysis, let us consider 
the structure of KCl which was 
examined by Bragg himselt. He 
u»d an arrangement like an ordina ry 
spectrometer to measure the inten¬ 
sity of specular reflection from a 
cleavage face of a crystal and found 
six values of 0 for which sharp pe^k 
in intensity occurred. He. then, 
used his equation to calcubte the 
raiic cf the (111) and (100)* plane 
spacings. which turned out to be 
t/^3« showing that the ions must 
occupy a cubic lattice Since in 
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KCI half of the ions are positive 
and half negative, the structure in 
Fig. 6 JS the only possibility. Bruggs 
were able to set forth (he structures 
of KCl. NaCl, KBf. Kl, diamend, 
Zns, NaNO, and CaCO,. In 1915, 
W.H. Bragg and W.L. Bragg were 
jointly awarded Nobel Prize m 
physics for their work on the 
structure of crystals. 

But it was soon realised that 
even a slight complicated structure 
cannot be solved by trial and error 
method. Bragg again took the lead. 
He argued that since the crystal 
is a three-dimensional periodic 
arrangement of atoms, it can be 
represented by a Fourier series in 
three dimertsions. He showed thni 
the coefficients of the Fourier scries 
i*rc the diffracted amplitudes of the 
X-rays wavelets. If the scries were 
summed, it would give a represen* 
laliort of the ekclron density wilhir 
each unit cell. The atoms would 
be the peaks in the electron density 
function, and so the structure could 
be solved. Unfortunately the struc* 
lure amplitude is not just a positive 
number but, in general, is a complex 
number having both magnitude and 
phase. The magnitu(lc can b< 
measured (from the intensity of the 
reflection), but there is noexperimen 
Ul way of observing the phase 
This deficiency constitutes (he 
‘'phase problem" of X-ray crysta 
llography. 

In lime, crystallographers evolved 
indirect methods of guessing phase! 
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:rom X*ray difTnciioo dftti of the 
:f>sul Theory of X-roy diffrac* 
ion by perfect and iinperfectcrystala 
rat fiveo in 1914 by an Englishman, 
*.G. Darwin. Laue hrst gave the 
tloematic theory of X«rty di Ifnc* 
ion. Later Laue and P. P. Ewald 
loth independently gave a dynamical 
Aeory of X*ny diffraction. Much 
>rofreu waa also attained in in> 
itrunen^Jtion side. Debye•Scherrer 
amera. Weisseoberg camera. 4* 
iircit single erytui diffractometer 
ire but a few eiam^a. Several 
esaarch icbooU soon emerged all 


knowledge of crystal structures 
steadily increased. 

Eaperiroeots were performed to 
estibliih the waveNke properties of 
eieeiron and neutron bnms around 
1930. When a beam of electrons 
or slow neutrons was allowed to 
fall on a crysial, it eahibiud diffrac¬ 
tion phenomenon. Electron diff¬ 
raction was used to study the struc¬ 
ture of surface atoms to solids or 
the structure of molecules in liquids 
and gases. Neutron diffraction has 
certain advantages over X-rays 
diffraction. Unlike X-rays, neu¬ 
trons are scattered by the nucleus 


of an atom rather than by its ek 
ctrons. Besides, neutrons posse 
its own magnetic held. As a resui 
neutron diffraction is a powerf 
tool in locating hydrogen atoms I 
substances such as ice or organ 
compounds of biological impo 
tance. It also enables scientists t 
study the oaturt of magnetic fielt 
in ferromagnetic materials like iroi 
In other words, neutron dlffractio 
provides information about ntagm 
tic structure of crystals. 

CrynDography ia ladia 

In India, the development < 
crysUllognphy and crystal physu 
owesmuchto the efforts of the Li 
Prof. C.V. Raman. In 1923, lie an 
K. B. Ramanathan were the first I 
give a theory of X-ray diffractio 
from liquids, which initiated eiperi 
menu] work on the structure o 
liquids and amorphous solids b; 
P. J. W. Debye and others. Proi 
S. Bhagvantam applied group theor 
to study crysul properties. Prol 
K. S. KHshckan investigated man; 
structure-dependent properties o 
ciysuh. Prof. G. N. Ramachan 
drtn. (he foremost among crysia 
llographers, established triple helica 
structure for collagen, a proteii 
which is found in animal skin 
Prof. S. Chandra Shekhar first begai 
the study of interesting propertie 
of liquid crysuls—a sute of matte 
which is intermediate between crys 
ulltne solids and amorphous liquids 
and made the subject popular is 
the country. 

Prof. K. Banerjee was anothei 
pioneer in the field of crystallography. 
He studied crystallography under 
Prof. Bragg and, on his return, 
founded a school of research at 
Calcutta. He was among tlw few 
who tried crystal structure determi- 
tkatioQ as early as in 1930. In 1933, 
he developed 'direct methods* which 
later proved powerful in solving the 
structures of complex crystals. 

It was soon understood by many 
scicoitsts in India and elsewhere 


iieoiming from Braggs, and (he 
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that various typos of defects tiktf 
pojot defecti, dislocatioDs, etc., in 
crystals play a sifoidcaQt role in 
determining their properties. The 
presence of defects causes irregula¬ 
rities in the three dimensional perio¬ 
dic repetition of the contents of the 
unit cell in a crystal. Prof. A.R. 
Verma at Benaras Univemiy (now 
director, N.P.L., Delhi) took the 
lead. His researches on dislocation 
and polytypism are well known. 
Prof. O.B. Mitrt established another 
group al I. ]. T.. Kharagpur, which 
if presently engaged rn studying 
defects in metals and alloys. He is 
among the few in frujia who inUU- 
ted Fourier methods and develo¬ 
ped several techniques for estimating 
the nature and extent of different 
defecti in crystals from X-ray diff¬ 
raction. 

AffkkntioaM 

The application of X-ray analysis 
imparted a new impetus to chemistry. 
The determination of NaCl crystal 
structure for the first lime by W.L. 
Bragg showed that (he prevailing 
molKular theory of ionic crystals 
was unsatisfactory. It confirmed 
that benzene ring is hexagonal and 
aliphatic chain has a zig-zag struc¬ 
ture. Chemists were then able to 
see the molecule, measure the 
length of single, double and triple 
bonds, observe the distortion when 
they were overcrowded, see exactly 
the position of hydrogen bonds— 
the bonds which are responsible for 
so many unusual properties and 
of which little is known. The deter- 
minalion of the structure of vitamin 
B), by Prof. Dorothy Hodgkin and 


her co-workers at Oxford by use 
of X-ray analysis is a landmark in 
the history of X-ray crystallognihy. 

Crystallography influenced meta¬ 
llurgy loo. It rcvaaled that the 
structures of meuls and alloys aie 
not usually complicated. 
techniques of X-ray analysis revea¬ 
led the »ays in which the atoms 
arrange themselves on alloying, and 
their rearrangement when they are 
healed. 

The mineralogists should be 
ihinkfui to cryslallogr^iphy. X-ray 
analysis made the chemistry of 
minerils and rocks clear, and the 
mineral world acquired order from 
chaos. TV knowledge thus gained 
helped in understanding the distri¬ 
bution of dements in rocks. 

Biology is another subj.xt which 
was deeply influenced by the X-ray 
methods. It lead to the birth of 
fascinating science called 'Mole¬ 
cular biology*. Molecular biology 
deals with the structure and 
functions of the macromoKecules 
like proteins, nucleic acids, viruses, 
etc. These mate rials have highly 
complicated structures containing 
thousands of atoms in one unit. 
The first X-ray diffraction photo¬ 
graph of a protein, single pepsin 
crystal, was uktn by J. D. Bernal 
(English) in 1934. Many years 
later, J.C. Kendrew and M. F. 
Perutz working at Cavendish Labo¬ 
ratory, University of Cambridge, 
solved the structure of two globular 
proteins, namely, myoglobin and 
haemoglobin, confirming their heli¬ 
cal structure. 

Another landmark in molecular 
biology was the elucidation of the 


double heticaf structure of deoxy* 
ribonucleic acid (DNA) by F.H. 
C. Crick, J.D. Watson and M. 
Wilkins in 1932, again al Cavendish 
Laboratory by X-ray analysis 
methods. Bragg hailed it as one 
of the major scientific events of the 
century. DNA is a genetic material 
which is responsible for transfe- 
ring parental characteristics to the 
0 ffspri ng. 1 1 ca rries a N the i nforma - 
lion necessary to make nucleic acid 
as well as protein for the cell. Along 
these lines, molecular biologists are 
close to the mysteries of life. The 
computers and automatic diffraction 
equipment have played and are still 
playing a significant role in the 
advancement of molecular biology. 

The history of crystallogra^y 
clearly shows that scientific research 
is progressing towards a fusion of 
different sciences such as physics, 
chemistry and biology. There is a 
need that the experts of various 
fields should join together to probe 
deeper into the mysteries of nature. 
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m JOINTLESS UnWAT TRACK 


r HE stetm engine that puffs 
out clouds of black smoke is 
n (he way ou(. Many coumries 
1 the West have already seen (he 
ist of these engines: they are 
ept in the transport museums as 
eminders of the bygone age- In 
idia, too, electrihcaiion and die- 
Hisation of a number of routes 
as already been completed. The 
earn engine has been replaced by 
ither electric or diesel locomotives, 
lowcvcr, a large number of steam 
»comotives still operate on other 
>utes. It will take a few decades 
tore, before we in India would 
iy good-bye to the steam engine. 
The characteristic clackety<lack 
)und associated with railway travel 


will also be a thing of the past in 
not too distant a future; thanks to 
the 'jointless* or 'welded' track. 
It has already been bid on more 
than 1200 kilometres (in different 
stretches) on some of the impor¬ 
tant routes. Progressive Increase is 
planned in years to come. 

Tbe fish-pUied track 

Railway track consists of short 
rails, supported on and fastened to 
deepers which, in turn, are suppor¬ 
ted on Stone ballast. The standard 
length, in which rails are manufac* 
tured and supplied by the steel 
rolling mills, differ in differant coun¬ 
tries In India, the length of rails 
varies from 10-15 metres; In some 


Railway travel » Invar! aU; 
associated with periodic clac 
kefy<lack sound prodneed wbe 
wheels negotiate track jtrfnta 
and the puff puff emitted b; 
tbe steam locomotive. It may 
however^ not be hwig befor 
both these sounds disappea 
from tbe scene 


countries IS metre long rails at 
manufactured. These short rai 
are then jointed together wit 
fishplates and fish bolts, as shown i 
Fig. I 

The main reasons for preferrin 
rails in short lengths are: (i) diff 
culties in manufacturing very Ion 
lengths in rolling mills, (ii) djflkultie 
in transport of rails of long length 
to far off destinattoru, an 
(iii) difficulties in taking care c 
expa nsion/contract ion. 

Perhaps, tbe most important facte 
in limiting the length of rails ha 
been the technical requirement ( 
provide for a gap between tw 
successive rails, to take care ( 
expansion/contraction. The joii 
in rail forma a weak link is th 
enure track structure. TIk strengt 
of a hsti plated joint ia barely 55^ 
of the parent rail; so a lot of deOec 
tion takes place at the joint. Th 
result is that the joints run down fai 
and cause damage to rail end: 
Consideribb amount of noise : 


hi BlUinogar is Deputy Chief Plinrmi Officer. Nonhem Railway Head Quarten, New Delhi 
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enertted whik the wfaeelt oefotkte 
te jomU. The rmil ends get *bo8^' 
ue to 1 permanent set de^loping 
1 course of time. Due to high 
eflectioiii, (be packing of the joint 
leepert gets disturbed and joinu 
^uire much more maintenance than 
)e rest of the track. ((is estimated 
ut the attention required by the 
lints (in fish plated track) may be 
s much as 50% of the toul main* 
^ruiACe effort. 

U it a matter of common knowledge 
ut the iTKtals eapand with increase 
1 tempeiaturt. Coefficient of linear 
xpansioo of steel is 0.00001152 
er degree centigrade. The range 
f atmospheric temperature, obtain- 
ig in the plains of Northern India 
; of the order 0*C to 55*C. The 
III tempermturt may be about 5*C 
y higher than the amlncat 

imperature on the higher side and 
*C to 3*C ksser on the lower side, 
o. the total oaximum range of 
sil temperatures is of the order of 
to 65*C. In coastal areas, the 
inge is much less. For this range 
f variation in temperature, the 
xpansion/cootractioo in 13 m 
■U is of the order of 12 mm, 
r free eapaasion were possible, 
lowever. as Che rail is aot comple¬ 
xly free to eapand (being fastened 
to the sleepers), the actual expan- 
ion is much lets. The fish plaSed 
oiat it designed for a nmaimuip 
apansion of 15 mm which has 
leeo found to be quite adequate to 


meet the msKimum eapansion/con* 
traction which may take place in 
13 m rail. The joints jus) dose during 
the hottest period of the year and 
open up about I0>I5 mm during 
cold vmather. 

m^ariiia of )du(s 

Elimroition of the joints in the 
track had long been a dream of 
track engineen. However, all such 
attempts wvre thvrarted as the tech- 
4Ucal problems associated with cx- 
pansioft/contraction of rails with 
temperature, could not be solved 
till after the World War 11. It was 
necessary either to derelop means 
for taking cure of heavy expansion/ 
coninction expected in long rails or 
to find ways and means for restrain- 
iog (he movetneot doe to changes of 
temperature, safely. 

During the World War II. there 
wis a serious shortage of wooden 
ileepere in Europe. It was during 
this period that a lot of R A D 
effort was put in for development of 
concrete sleepers. Whh this came 
the elastk fastenings alto. Once the 
heavy concrete sleepers and the 
douUe elastic fastenings came on 
the sceoe. solution of this twin prol^ 
len became quite easy and within 
a shoA period a practical reality. It 
will be Interesting to see bow this 
was achieved. 

Rails, ereo in rsorotsl tack, do 
not expand or contract freely. As 
they are held to the sleepers 1^ fas¬ 

JO 


tenings. there is frictional resfstam 
to any movement of rails wti 
changes in temperature. Even whe 
the fastenings are somewhat loon 
frictional forces restrain the expar 
sion of (he rails. If. however, ih 
fastenings are tight and exert .vufl 
ciem 'loe load' on the rails, (he n 
la live movement between sleepei 
and (he rails can be minimised o 
stopped. If such an assembly i 
subjected to changes of temperalun 
the rail sleeper assembly will hav 
to move as a whole. 

With (he fastenings which wer 
in use earlier, it was not possibi 
to exert sulficient and uniform Uo 
load* to restrain (he relative move 
ment between the rails and sleepei 
all the tiriK. But wi(h the develop 
ment of elastic fastenings it becam 
possible to excA sufficient toe lot 
all the time more or less uniform! 
so as not to permit relative move 
ment between rails and the sleeper 
This, therefore, was the first ste 
towards making long welding c 
rails practicable. Once the relativ 
movement between rails and ^epei 
is restrained, it would be of interei 
to visualize what would happe 
when the temperature rises or fall: 
Tbe rail tries to expand but as it j 
not permitted to move because c 
its firm fixture with the sleeper 
the rail-^pcr assembly stan 
moving as a whole. This movemer 
is, however, resisted by the frictioru 
resisttnoe between the ballast an 
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:lut Ml a properly n' inUined tr»ck, 
ihc moveincrtt is possible only 
jpto about KO lo 100 meters from 
ihe rail end Beyond XO lo 100 
metrs from the mil end. no move 
nicnl of the long welded penel 
iftkc^ place and ihe entire cenirei 
length remains completely station- 
ir>. independent of any changes in 
empeiaturc though (he locked up 
dresses increase the icmperaiurf 
Near ihe ends <>( the long welded 
panels, switch expansion lOinU ace 
provided These art capable of taking 
j total movement of 120 mm This is 
veil wjthip whfti actually takes pUcc 
n piacltce m u long welded panel 
It IS obvious that the movement 
)f rails which would Isave ordinarily 
a ken place with rise in tern pent me 
s restrained more or less. So High 
hermal stresses develop in the track. 
Iven when the rails are fasleaed 

to the sleepers )aithe meantempera* 

ureiabout32Xto 33'Cm Northern 
ndia where the total range of tern- 
lerature u between O^C to 65X), the 
oal thermal force which comet into 
ilay may be of the order of 55 tonnes 
n the 52kg^per metre rails, used on 


the Indian Railways. Compsesive 
force (in summers) of such high 
magnitude can be potential source 
of danger ia buckUng of track. 
But, it has been possible to foresutl 
such a situation by having a suitable 
type of track unicturein which.apar 1 
from having a higher density of 
sleepers than whai is used in the 


single nil track, use is made < 
heavy types of sleepers, vU,. concrei 
or steel and of fastenings capable < 
guaniMceing adequate tonkini 
rigidity. The requisite degree < 
IniertI stability is furtlttr ensure 
by providing adequate boxing < 
bnUast around sleepers. 

Uig aad rrmhmom waMed trncl 

ioimless Inck, in pavls 0.4 to 0. 
km was laid initially by welding th 
rail ends. Suitably designed expar 
Sion joiftU were provided betwee 
dtlfcrent panels to take care of th 
expected expansion. With the ex 
perienoe gained with in-servic 
results, the lengths of welded paiKi 
has been increasing so much » 
that continuous welded rails ex 
tending between one suiion t 
the next without either a conven 
tional yoint or any switch expansioi 
joinis. IS c common practice now oi 
most of the idvaiKed railways, viz. 
lapart. West Germany. France, U.K 
U.S.A. etc 

Long and continuous welded trad 
has many advanuges: first it permit 
high standards of nding comTor 
and journeys free from monotonou: 
dackely-dack noise. Long or conti 
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Bdos weMcd tfick Hbo provkitf 
ibstaotial toonoauct iii cottt of 
tck iDoiAleiisnce, fuel consumptioo 
rtd increase >d service life of reiU. 
4 the track can be rnaiotained to 
»ry close loleraiice, bi(b speed train 
peratioD is made possible: speeds 
pto 210 kiloraeteres per hour are 
Iready being <^iaioed in some of 
te advanced countries of the world 
ke Japan. 

On the Indian Railways abOt long 
vlding of rails has been accepted 
I a standard practice for all inipor« 
ml sections wheft coacrete or sleet 
“ough sleeper track with elastic 
isteninp U planned. Already a 
}tal of over 1200 km of LWR/CWR 
as been laid and this is likely 
) increase progreiarvely. 

In India, the longest panel (aid 
a far is about 10 km lotkg; quite a 
panels of km length also 
xist. 

I'eUiiii of rafls 

It will now be of inlertit to know 
ow rails are welded. Welding is 
lone to join the two rail ends to 
lifflioate a potential ioint. The 
ef^tric^arc* and *oxy-acetylene* 
reldtng —the two most conunon me- 
hods of welding— are not found to 
o suitable for welding of rails be- 
ause of the peculiar shape and large 
:ross-sectional area of rails. For 
veldiogof rails, a number of methods 
ire in use. The most common are: 

i) Electric flash butt welding, 

ii) Alumino-thermic welding, and 
Ui) gas pressure welding. 

Ftash butt wfJdMg. Heat is 
teDCcated when electric current 
mises across a resistaiKe. In flash 
)utt welding of rails the resistance 
s provided by the small air gap 


between two rail ends acron wbkit 
an electric arc is struck. This b 
adiieved by bringing two rail ends 
which are to be welded close to 
each other and swiicKing on a 
low vc^tagC’higb amperage current. 
When the rail ends are cl^ to each 
other, an electric arc b generated. 
Fig. 2 shows the flashing operation 
ID progress in an automatic flash 
butt welding machine. The rail 
ends are brought close and taken 
away id quick successioft. In the 
process the rail cimIs become red 
hot At approphaCe stage the ends 
are pretaed with a high butting 
pressure. The butting force used 
may be at much as 30 tonnes, 
^g. 3 shows a joint so welded 
being ground by grinders. In 
modern flash butt welding pbnu 
all the operations are done automa- 
licalJy and a joint can be welded in 
about 3 minutes. Very high quality 
of welds is possible with Flash Butt 
methods welding. After welding 
in reasoDabk lengths in the srelding 
pbnt. the welded rails are sucked. 
The welded raib are then loaded on 
a number of eodfess DFRs (specbl 
type of wagon) and tran^rted to 
the site of work. 

Alumi/Hhihermte wrMng. Thb 
method of welding was perfected by 
Dr. H. Gold Schmidt of Germany 
around 1897 and has been used ex¬ 
tensively for bt sity welding (weld¬ 
ing in the field). The technique b 
baaed on the exothermic reaction 
between aluminium and ferric oxide 
which b accompanied with con¬ 
siderable amount of heat. The 
reaction can be written as: 

I^4 2A1 »2Fe-F Al«(^-|- 181 

K. calories. 

Tlie reaction is com^ted with¬ 


in i$-2S »conds after Uw mixture 
b igmied. 

The theoretical temperature of 
reaction is 2960X; but in actual 
piwrtice only a temperature of 
245trc is achieved. At this tempera¬ 
ture. the iron pnrtides fn the reac¬ 
tion are in a molten slate. They 
settle down at the bottom of the 
crucible. Thb b poured into the 
joint kept ready for the purpose • 
preheated to 9S0X and with moulds 
fixed. Some alloying elements are 
also pul in the "Potion* ko as to ob¬ 
tain steel of requisite characteristics. 

Preheating of rail end Is done 
cither by burning petrol-air mis- 
ture or oxygen-petrol mixture. It 
takes about 35 to 40 minutes 
for welding a joint when petrol-air 
mixture b used and about 15-16 
minutes when petrol-oxygen mixture 
b used. 

(7ax prttsyrt wWding. This is a 
process where incoalesence is pro¬ 
duced simultaneously over the entire 
area of the rail's butting surfaces by 
heating with gas flames, obtained 
from the combustion of ps with 
oxygen and by the application of 
pressure without the use of filler 
metal. The welds are characterised 
by a smooth surface and by the 
general absence of fixed tnelal in 
the weld zone. 

On Indian Railways, only one 
plant of Ibis type, imported from 
Japan, b in operation at Bandel 
near Calcutta. The plant b mobile 
and the process b essentially a depoi 
welding process. 

PortlMr reading 

I. iWR ManuoK Ministry oi 
Railways. 

I. Muodrty, J.S., Trock Modern 
izatipn. 2ikI Edition, 1972. 
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ION-EXCHANGE MEMBRANES AND 
THEIR APPIKATIONS 


T HR term ion-tuhan^ mem* 
braiK » generally UNcd for 
olid dims, discs, foils, lubes, nbK'n», 
dugs, tie. They can be used as a 
eparating wall between Uie solu* 
k>n&. The imporUnt charactens* 
ic of ioo-eachangc membranes, in 
oDtrasi with Gonveniional semi- 
onneaMe membranes, is that they 
re Kketive for one type of ions 
mly. A catioA<achaii9 membrane 
epnraiiiig two solutions from each 
^ther b permeable to cations only, 
rhife under a certain concentration 
A anioixxchange membrane is 
ermeaWe to only anions. 


r. 

loiheachange membranes differ 
1 simcture depending on their 
Betboda of preparation. Two main 

ypea are koown. For scieatific 
mrpoaes ^'homofeiieous'* mem- 
caoes are preferred which are 
oherent unsupported gela For 
raetkaJ appAkationa, reiaforoed or 
hetaroirneous** membranes cAaim 
k advaq*a|pr of higher mechanical 


strength as they are tuf^rted by 
inert earners or binders. 

Most ion^xchaoge membranes are 
**miaiures*\ either homogeneous 
or hetero^aeous. of an ioo-eachange 
substance and an inert, more pAaitk 
resin. For iiutanee, a mUture of 
linear polystyrene-sulphoak acid 
and a copotyoier of vinyl cblohde 
and acrybnitriie is dissolved in ■ 
common solvent. The solvent u 
evaporated so as to leave a thin 
hotnoproeous dim of the two poly¬ 
mers. Homogeneous aaiorv^achange 
membranes can be prepared in a 
similar way. 

Heterogeneous ion-exchao^ reeoh 
branes are prepared by mixing 
finely grourtd ioo-excfaaage resin of 
any type with an ioeit mitenal 
such ms polytbylene. The mixture 

i« shaped loto a dim of the desired 
ihkkness (0.1 mni-0.6 mm) by 
heal and pressure. The fractioa 
of the ion^xchinge resin ta tlto 
mixture must be high eaoo^ so 
that it is possibk for an ion to 
move from one surface of the mem¬ 


brane to the other, either by dilfusio 
or by migration through many path 
in an electric held. On the othc 
hand, loo large a fraction of kr 
exchange resin in the mixture katl 
to a brittle membrane. Inorgani 
cxchangen such as clay can als 
be used to make ion-cxchange meo 
branes. Membranes can also t 


prepared by evaporaCioa. impregm 
tion and irradiation techniques. 

Membranes of excelleal physki 
propertki and chemkal stabilitk 
can be prepared. The films at 
fairly resistant to strong acid an 
alkali lolatioos and many commo 
aohreots. They can be used upt 
9S*C The meDbraoes are gem 
fatly stored under wakr to prevec 
them from drying ovt 

In addition to good nmehanfa 
mistanea. membranet for technia 


requireareats should alao be sufi 
dently thin to have a low eketna 
renstance. They should be < 
uniform compoaitiou and intfon 
thinness, Fuither, the membran 
ihonld hate a high io«-eachaii| 






ipacity because it is oo this factor 
lat its selectivity mainly depends. 

lemlraM poteatlal 

The potential difference existing 
eiween two solutions separated by 
D ioQ*exchange membrane is called 
Its membrane potential* and can 
e easily measured by suitaUe 
lectrodes. If two solutions eon* 
sining the same electrolyte AY in 
lifTerent concentrations are sepa> 
ated (Fig. 1), the membrane poten- 
isl is summarised by the Donnan 
lotentiafs between the resin and the 
olution on either side and by 
he diffusion petential as follows: 


i " + fooi + f’txa 
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M2 
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•iett R is the universal gas cons- 
ant, T is (he absolute temperature, 
t is the charge number of (he cation 
4, sAl and M2 are the activities of 
he cation A in the (wo solutions* 
A Y is the activity of the electrolyte 
4 y', 2 is the charge number of the 
inion Ys and vrw is (he transport 
mmber of the anion Y in the resin. 
A^hen the concentration of both 
olutions is much loweit than (he 
on concentration in the i^t^xchangc 
nembrane* the concentra^on of the 
iccompat^ing ions is negligible in 
he resin phase. Equation (1) can be 
limply written as: 



RT 

nF 



M2 

MI 



similarly, in the case of anion 
:xchangc toetnbrano the membrane 
KXentlal presuming ideal anion 
clectivity U : 



Applietbeos of ma-excfaange mem- 
hraaes 

Fig. 2 depicts the simple apparatus 
for laboratory applications of ion- 
exchar^ membranes. The upper 
holes the plexi-glass cylinders in 
Fig. 2(a) serve for inserting the elec¬ 
trodes and those in the bottom for 
emptying the cylinders. The appa> 
ratus shown in Pig. 2(b) Is more 
advantageous for potential measure¬ 
ments arKl titrations. 

T>etenohMtioo of ioalc activity 

The ionic activity of ckcirolyte 
solutions can be imasurcd by means 
of ioif-exchange membranes using 
the equations (2) and (3) given a bove. 
The m:a$uri.mcnts have special 
importance when the ions in ques¬ 
tion arc such that a reversible elec¬ 
trode cannot be made at all (acetate, 
nitrate or fluoride ions), or if a 
suitable reversible electrode cannot 
he prepared in solution (alkali or 
alkaline earth ions), pnr cumple. 
the activity of potassium ions in 
art unknown potassium nitrate solu¬ 
tion can be measured by the con¬ 
centration cell shown at the bottom. 

Ion-exchange membrane offers 
an opportunity for the direct deter¬ 
mination of the total salt content of 
natural waters. 

Etectrodialyais 

If an anode and cathode connec¬ 
ted to an electric source arc placed 
in two electrolyte solutions sepe- 
raud from each other by an ion- 
exchange membrane, an almost 
unimpeded stream of counter ions 
begins through (he ion<xchange 
mcmbraiie under the influence of 
the electric held. This process is 
called cbctrodialysis. The current 
is carried through the ion-cxchange 
membraoe chiefly by the counter 
ions and only partly by the ac¬ 
companying ions. 


Hg 


Hg. Cl, 


Sal. KCI 


Known 

KNO, 


Unknown 

KNO» 


Sat. KO 


Hg,Cl, 


Hg 



Kif. 1. CaH khrme for Uw purpoM < 
tUr opcrattai of an ten-ouba^ 
nrmbraae (K - catlfM*ricliafw« awnbrane) 


Electrodialysis carried out b) 
m:ans of an ion-;xchangc membram 
is virtually selective for the couniei 
ions of (he ion-cxchangcr if th( 
concentration of the solution ii 
greater ihxin 50**^. of the capacity o 
the resin (<2 N). Under the effec 
of the electric field, only aniom 
pass through an nnion-exchartgi 
membrane and only cations througl 
a cat ion* exchange membrane. Thi 
phenomenon can be utilized fo 



(a) 



braaa far elartrodlalysti or actlr iiy mcaw 
■asM. (1) PIcal-filais cotla; (2} loiMxcbaai 
mtmbnm gkead balwoen rabbar rlns>» ( 
Holet for alaftroilai; (4) Tag for Mnptyin 
(9) Plaotic f lala: (6) Screws 
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Ht. 1. ScpwtiM of bcntt tom Iron m4- 
Ion MrokMt ^ etarodWyiti 
wlik • eotloA-ouhugo mukiiM 

eparations la analysis. By means of 
n apparatus (Fig. 3), traces of 
>oron can be separated from sodium 
lydroaide solution. Under the in* 
luence of the electric field, sodium 
ons travel through the oiembraDe 
nio the cathode compartment, whik 
>oraie ions remain in the anode 
ompertmeni. The method is suit* 
ible for determining the boron con* 
ent of sodiurr. meui for prepaHng 
'JaOH solution free from borate 
oni. Similarly, small amounts of 
)hosphate ions can be separated 
>om vanadate ions. This method 
s suitable for determining the phos¬ 
phate contamination of vanadium 
pentoxide. 

When the separation of ions ia 
;arricd out from solutions of large 
volume, concentration can also be 
ichieved by electrodialysU. For 
example.it is possible to concentrate 
races of radio-active calcium and 
»tn>nCiuTn from water by means of 
i kut'on'exchange membrane in 
prder to facilitate their determination. 


'i / 
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This type of two^mpartment 
ccU can also be used in preparative 
chemistry. For example, a pure 
acid (e.g.. sebncic acid) can be 
prepared from the corresponding 
sodium salt usirtg a cation-exchange 
membrane. This process has advan¬ 
tages over the conventional methods 
in that the desired product could 
be recovered in a very pure state 
without employing any other che¬ 
mical reagents. This also enables 
the recovery of pure acids or alkalis 
which can be reused. 

Many similar applications exami¬ 
ned include recovery of sodium 
hydroxide and sulphuric acid from 
waste sodium sulphate, production 
of caustic soda by the electrolysis 
of brine, predpiiation of magnesium 
hydroxide from sea water, and the 
reclamation of waste sulphuric acid 
from pickle liquor. 

Kecovery of waste nlphurk add 
from irosi pi^c liquor 

The waste pickle liquor contains 
14%-22% ferrous sulphate and 


0.5%—0.7% unused acid. 

TIk spent liquor is the catboly 
while dilute sulphuric acid it tl 
anolyte. which are separated \ 
an anion-exebange membrane. Uni 
the pH of the catholyte rites l 
].$, only wUl be reduced i 
the cathode. Later ions wi 

co-deposit as metallic iron. At tfc 
ume time, migration of SO|** ioz 
through the membrane—togethe 
with the release of oxygen at tfe 
anode>-resuU$ in the concentratio 
of sulphuric acid in the anolyte. 1 
would be economical to etfect th 
recovery until the ferrous siJphai 
concentration falls down to 2.25^ 
and to reuse it for pickling. 

Ihree-coapartnseBt cefla 

A solution can be depleted of it 
salinity by electrolysis in a three 
compartment cell employing both i 
cationand an anion-permeable mem 
brane. For example, if a solutiot 
containing sodium sulphate is placet 
between a cation and an anion 
exchange membrane (Fig. 4), sodiun 



tg. 4. Setaitk tar«e-con)^rlrMt mem- p|g. g, Mahipit eawpariMtf appartlv for carrybw out aMlytlcslsiaafiifoM- 
bfintcdl dfctrelyilt of wpanttoA of At ^ Mi kM 
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»iil till he diftlyied throu^ the 
tttoiKXchangc mtQbrtoe ai^ 
itphate toiu through the anion* 
(change (neinbmie under the in* 
uence of a voltage applied between 
le electrodes. Thus, during the 
lectrolysis, NaOK collects in the 
ithode compartoent and HfiOi 
I the anode compartment. The 
rinciple can be utilized for deioai* 
ition of natural waters, removal 
f salts from solutions and protein 
ydrolysates, and concentration of 
lectrolytes. 

loltl'COspartBcit eeOs 
Membrane cells employing multi* 
licity of membraiKs between the 
lectrodes have been found useful 
several ap^ications. 

An arrangement of alternating 
nion-permeable andcction-pennea* 
k membranes between an anode 
nd cathode has been, in particular, 
lost useful for deionising electrolyte 
olutionswith a miniinuin of espen* 
lilure of current. A cell of this 
ype is called tbe multiple ion* 
xchange membrane electrodialysis 
MIEME) cell. Fig. 5 illujuatci 
n assembly In which cation 
nd anion<xchange membranes 
re placed alternately. Tbe appa* 
alus can be employed analytically 
dr carrying out two parallel sepaca* 
ions (e.g., Mo and W or A1 and 
4g ions) or for preparative purposes 
e.g., preparation of thallium nitrate 
*rom slightly soluble thallium chio* 
ide and potassium nitrate). 

ElacirodlaJysk of water 
Iq many arid areas of the world 
iiere exists a severe shortage of 
sotable water. It means recovery 
)r potable water from brackish 
ind sea water. In this connection, 
listillation, ion-exchange, reverse* 


psmosis and etectrodialyau methods 
have received major attention • TV 
recent developinenU of synthetic 
ion-exchange membranes 
greatly stimulated interest in the 
deionisatioQ of nliite and bra* 
ckish waters by electrodialysis. An 
indefinite number of chambers may 
be alternately separated by positive 
and Deprive membranes in series, 
and by passing current through it. 
it U possible to purify it for 
drinking purposes. The alternate 
chambers can be connected in 
either a series-flow conneciion 


or a paraUel-flow connection, both 
the arrangements undoubtedly 
possess certain practKal advantaps 
and disadvantaps. Although many 
technical problems remain to be 
solved, this technique seems to be 
most promising for treating brackish 
water having 1000 p.p.m. to 5000 
p.p.m. dissolved solids. 


MlwaflapeoWi apffkitieai of 
exchnage membriaM 

In addition to the above mentioQed 
applications, the ion<xchanp niem- 
braoet have been put to a larp 
number of uses such as preparation, 
separalioiv concentration and puri¬ 
fication of chemicai compounds. Ion 
exchanp membranes have been used 
in concentration of fluosihese acid, 
fluobonte. sodium sulphate solu¬ 
tion, and for electrolytic concenira* 
tion of a mixed solution of chromium 
sulphite and sulphuric acid. 

Membranes have been iiaed for 
purificatioo of supr. whey, milk, 
juices, paint cmulsioos, sewaps, 
alcohols, hydrochloric acid, and in 
cleaning of paiotinp. 

loD-exchanp membranes hsve 
been used for the deionisation o( 
stron^y polar liquids. Acetone and 


Other orpiiic solvents have been 
deionised in freon atmosphere. 

Synthetic ioo-exchanp membranes 
have been used in the construction 
of fuel cells. Membranes have 
been used as solid electrolytes and 
conducting media in dual membrane 
fuel cells. 

lon-eschanp membranes have 
also been widely used for polaria- 
tion and diffusion studies, and also 
for water irinsporl. conductivity, 
ionic mobility and thermoosmotic 
studies. 

They have also been used as 
moaitors in ion exchanp chromalo* 
gtaphy, for separation of amino 
acids into poups, in coulometric 
titrations, in continuous electro* 
chromatography, and in X-ray 
emission ipectrography. 

Application of electrodialysis. using 
synthetic ion-exchanp membranes, 
has proved to be a veraatile techni¬ 
que and has been advantapously 
used in a larp number of analytical 
and industrial problems. Constant 
efforts are being made all over tbe 
world to synthesize membranes ol 
suprior electro-chemical and mecha¬ 
nical proprties and to design more 
sophisticated electrodialysis appa¬ 
ratus to achieve favourable economy 
and superior operational efficiency. 
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ded ia the cste^oiy of double fidk 
•ourcef. 

Althoogh eU three sourcet— 
Ofmii SC2S6 tod DA240- 
differ in lize lUkd therefore in tfaeii 
mM aod eoergy^ontent, stnictunll> 
they ere of the seme pittem. They 
hive three strong radio conp^ 
nents enable 1). The poeitioa of 
the ceQtiaJ components coincides 
with that of the nucleus of a visible 
^laxy, while the rest two are juxta* 
posed on exactly its opposite points. 
They are moving away from' it 
at speeds on an average of a few 
thousand kilometers per second. 
Weak radio emission is tittered about 
(he components bridging the yawn- 
ing gaps between them. Further, 
Double radio sources each double source has some special 

chcracteristics. For instance, the 
outer pair of radio components of 
DA240 is bulbous in appearance 
like two dumbbells* whereas in other 

rMAOINE'an object whose sla Waller Baade and Rudolph Min- sources the pair is confined; the 

i is several multiples of our kowski discovered that the position 3C2S6 has two pairs of outer com- 

Alaxy's; whose total mass is e^ual of Cygmir/4 coincides with that of a ponents instead of one as in the 

0 that of millions of suns; whose distant galaxy. And the final ver- other two. 

emperaiure is in millions of degrees; diet on this object was given by R. 

he energy it releases is equivalent to Jennison and M. K. Das Gupta of ^ 

hat released by a billion suns Jordetl Bank, Enghnd. They An analogical situation would be 
nd is distributed over a wide range employed a newly found technique appropriate here to sort out the ideas 

»f wavelengths—from long radio to discover that the compact source invclv^ in models dealt with in the 

vaves to visible light, even X-rays was double in structure: two radio next section. Consider a T-shaped 

n some cases. sources were on each side of the tube, all three ends. A, B and C, 

Giant radio galaxy is what this visible galaxy. Since then several open. C is connected to a pump 
normously huge object is called, and double radio sources have been which forces blasts of air in the tube, 
here are countless of such galaxies discovered. In all fairness, their The nooles A and B are first dipped 
1 (he universe. Close radio scrutiny prototypes can be represeoted by in soap soludon so that thin films of 

•f these objects has revealed them three sources Cygmu A, SC236 and soap stick at ll^ir tips. As air is 

0 be having a double structure, and 0A240. The head-uil galaxy is pumped in, (1^ thin films form 

0 are also called double radio another typical radio source which, sf^ncal bubbles at the tips A and 
ources. The study these sources because of the recent discovery of B. With itKrease in the amount of 
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ot only enables us to understand 
ow radio sources evolve but also 
rovides evidence of the physical 
xistence of an intergalacttc medium. 


its double structure, both at the air, the bubbles will grow in size, 
head and tail, has also been inclu- and, after a certain stage will detach 


Table 1 


The first double radio source was 
iscovered by F.O. Smith of Univer- 
ty of Cambridge, England. In 
953, with (WO abandoned radio 
Iscsof World War 11, be pin-pointed 
le exact position of Cygm/i A, 
le strongest radio source in (he 
)AatellitjoQ CygnbU. At a be* 
ate. using 200 inch Whk eiesco*' . 


Rtdio wune 

VibUe lenaruinft 
of the componoiis 

AAual iiX 

Nuroher and 
shapes of ihe 

Enerty 

content 




componeota 


CynmsA 

2mjnuUsof«re 

Half a million 
li^i yctn 

Two, confiiwcl 

lO^erp 

DA 240 

24 mjnum of Arc 

6 mllliOD 

li|ln*yr.trt 

Two, bidboui 

10** ergs 

(approx.) 

3C234 

mimne^ of 

1$ million 

Pour, oafined 

lO** ergs 






-scncNc* sncnm 



rom A and B. and fty away. Such 
ubbkfl could be continuously 
reduced if soap solution and air- 
ump aie availaUe [Fig. I (a) and 
b) ]. Now. for instance, cotuider 
^hat would happen if the bubbk- 
reducing tnechanisTn itself moves 
1 a direction perpendicular to the 
K>lion of the bubbles. Would the 
icture not look like the one shown 
t Fig. Me)? 

If the bubbles are taken as radio 
omponenU and the bubble^produc* 
ig pdgetthe central radio compo 
ent. the picture sin Fig. 1(a). (b) and 
:> respectively lit in with what 
as been mentfoned about Cygma A 
nd DA240 SC236 and l^d-iail 
alaxy. 

The intriguing problems the 
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double radio sources have laid before 
iheoftlicians and astrocioti)er» are 
mainly three: (a) since the outer two 
radio comporttnts a re re leasing eriergy 
in the form of radiation, is it (hat 
the energy is 'spoon fed’ to them by 
some mechanism or they are them¬ 
selves producing it ? Whatever be 
rhe mechanism wiected. the question 
is how itU produced and/or supplied: 

(b) siewe the outer pair of radio 
components is moving away from 
the centre, ai a previous dale they 
were with the central component 
just as the bubbles were ejected out 
of the bubble-producing gadget. 
But the question that arises is: How 
does the nuckus kick out the two 
components in opposite directions?; 

(c) as the outer components are 
confined and held together, what 
prevents them from saying ‘good¬ 
bye* to each other? 

Within a decade or so, many 
models to elucidate the above prob¬ 
lems have been pul feuth but as 
IS usual in astrophysics not a single 
one is impeccable. 

The eimrgy content and the 'stale 

affairs* inside an object can easily 
be jod^ from the tneasureinent of 
eneigy the object is radiaung in the 
form of radio emwaioiL As the 
radio waves enuQcd by the double 
radio aowcet are Uoearty pokwd, 
the wave of light is reatricted to 
one pbae of onotioo, tad as the* 

m 


intensity of the incoming radio waw 
increases with wavelength, this typ 
cal radiaiiou is 'synchrotron radii 
lion'. An object releases ihu efnii 
sion if only high-energy subatomi 
particles (electrons, iwoions, etc 
moving at relaiiviMic speeds (doi 
to the velocity of light) are spirallin 
in a magnetic field. From lito poll 
risatiofl of ihe emission, the drrectio 
and uniformity of the magnelk Ael 
can he estimated. 

According to thi oreUcal viewpoim 
if synchrotron radiation has bre 
radiated by an object for a very Ion 
duration, a m»jor pan of the cnerg 
content should have been exhauste 
much before the object grew to sue 
immense a dimension as the dovbl 
radio sources aie now. But. a 
things stand, these objects are sli 
radiating synchrotron cmirnio 
which implies that the energy ha 
been stored and released in parts 0 
continuously. The energy mamfesl 
itself in either injecting more relati 
vistic high-energy partkies or retcce 
lerating the existing slowed dcwi 
ones to relativistic speeds so as t 
maintain the outcoming synchro 
tron radiation. In the latter caai 
the particW^cocleraton may b 
stars nearing collapse, slenir maa 
black holes, pulsars, etc. Althoug 
no such compact object has yet bee 
delected in radio components, th 
powerful setts of synchrotron radii 
lion, the idea itself b appealing to th 
astronomers. This is because 


single pulsar, embedded in the wel 
known Crab Nebtda, has been able t 
provide all the required relaUvisti 
electroor that enables it Co radial 


ndio wtvtt and visible light 
The energy-prDdtictio& problei 
staved off, tlft qoestioa Chat cook 
next is: Where is the eneigy prodmetl 
U is eichef in aO Che cooponeDi 
separately or in one componea 
the ceatrml nucleus, whid 
it to the others. There ate C« 
of flKNiel, one advocates fc 
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the former concept and the other 
the letter. 

In the former, the ndio compel 
iwnu ire bound to each other by 
fravitational attraction. Both art. 
in fact, rotation, and as they plow 
through the space, they go oo radiat¬ 
ing energy which is <krived from 
their rotationai motion. Tlie energy 
that these components spill out 
emits weak radio waves. 

The model based on the Utter 
concept is developed by BUndTord 
and Martin J. Rets of Cambridge 
University. England. According 
to them, the central component, 
the nucleus of the gaUxy. is 
the storehouse of energy for the 
sources. The nucleus, it is cUirned. 
is spinning, whereby the pses 
prevalent inside circuUte along 
the magnetic fields to produce 
no 22 le-like structures at its poles. 
Through tlvse nozzles only energy 
is beamed in eiactly opposite direc* 
lions, along the axis of the spinning 
mass, to create two hot radio compo^ 
nents, as in the case of two bubbkt 
in the analogy. As a consequen¬ 
ce, this phenomenon should also 
create *ltmb>hrightening* of the ndio 
components: as the energy piles 
up on the outer surfaces of the 
:omponents. the edps would out- 
thine the inner regions. However, 
this has not been observed so far 
[Science, lune 27, 7S). In additloo, 
he othrr major unexplained prob- 
ems that such a transportation of 
-nergy creates arc: there is no obvious 
nechanism to explain how oozjks 
ire formed in the nucleus; how the 
cniyal spinning body renuiiiis for 
ong (lime on cosmic scales) in a 
orticuJar orientation; and how 
earns remain stable for the ame 
eriod. 

Of the above two concepts which- 
ver is taken as true, one isiue can* 
ot be doubted: that the two radio 
>mpo«nis were puJfed off the 
sntcai radio niKleui the galaay. 





Without this assumption, it is diffi¬ 
cult in the first pbee to explain why 
the radio components are racing 
away from the nucleus and, acondly. 
why the douWe radio source ^C2f6 
has two pain of outer radio conv 
ponents. The problerD becomes 
clear if the bubble production is 


seen in this li^ The foUowing 
assertions beccm obvious: the 
pi ram nudeus puffs out radio 
oomponents regularly. The evid¬ 
ence » substantial in the cate of 
head-tail ^laxy. As 3C2J6 is the 
oldest galaxy discovered to date, 
it has puS^ twice till now. while 
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the youn^r ones, DA 240 and 
Cypms i4, only oau. 

The question that still remains 
uoanswened is: what causes the 
nucleus to puff out two radio compo¬ 
nents in eiiaetly opposite directions? 
Moreover, in the caae of bubble 
production, air is iqjected into a 
bubble only once, whereafter the 
bubble gets on on its own. If the 
bubbles are radio components, air 
would be the energy, indicating that 
the energy Is imparted to the radio 
comportents only ortce, arnl tK>l conti¬ 
nuously as aforementioned. How¬ 
ever, there are strong objections to 
the imparting of energy to a compo¬ 
nent in a single burst. From theo¬ 
retical coosiderations, the inpro- 
portionaiely huge amounts of energy 
the radio components seem to pos¬ 
sess could not be transferred to tl^m 
in a single burst. For instance, 
even if it is presumed that a 
mechanism (still unknown to us) 
SMSts to transfer such a quantity 
of energy, the radio components 
would coo) down as they expand 
ind would drastically reduce their 
radio emission. Had the case been 
v>, such objects would have escaped 
notice from the prying eyes of our 
Mwerful radio telescopes. 

Head-tall plaaies 

This type of galaxy has a shape 
IS that of a tadpole. It is observed 
n clusters of galaxies. The nucleus 
>r head of the galaxy, which is the 
adio component, coincides with that 
>r a visible galaxy, while the 'tail* is 
I two or three million lightyears long 
rail that the head leaves in its wake. 

The Doppkt shift measurement 
»f the visible spectrum emitted by 
te galaxy's tail indicates tlv galax- 
to be moving through the inter- 
alactic space at a speed of a few 
liousand kilometen/sec. As the 
alaxy moves through the space, 

: leaves behind a trail of ei^rgetic 
arUclei (electrons). If the age of 


h^-tail galaxy (knowing, of conne, 
its velocityX from Uk point where 
the tail ends to the niKletu, is 
calculated, it is in dose agreement 
with the value computed from the 
theofcUcal work based on the 
g^xy's spectnim and synchrotron 
radiation; the age is 100 million 
years. Owing to this success, (he 
above explanation ihil (he galaxy 
leaves behind a trail of energetic 
panides-'is held true. Moreover, 
the tail serves a good purpose as 
the radio history record of the galaxy 
—record from which where the pUxy 
was at a certain previous date can 
be ascertained. 

On closer examination of (ail of 
the pbxy. discrete blobs of radio 
emission have been observed. 
The energy, it seems, is puffed off 
in two opposite directions by the 
plictic nucleus in the same manner 
as the bubbles given off by the 
bubble-producing pdget. The blobs 
of radio emission are therefore 
these energy packets which are 
the double sources (Fig. 1(c)]. The 
question that rtow arises is: why do 
the head-tail plaxies have miniature 
double sources, while others iCygnus 
<4, 3C2S6. DA240} have bigger and 
powerful ones? lliis is because, it 
is claimed, the head-tail plaxies are 
moving through space at such speeds 
as not to allow the released energy 
blobs (radio components) to pin 
much energy from the nucleus. )t is, 
on the other hand, the case 
with the sUtionary (?) plaxies 
where the released energy can be 
contiouousiy fed to the blob by 
nucleus (if nucleus is assumed to be 
the energy storehouse) to make them 
powerful ones. From the periodicity 
with vdiidi these blobs are observed 
on the trail-track, the blobs are 
puffed off. on an average, every few 
million yean. 

An altenxite model for puffing 
head-uil plaxy has been contrived 
by Waiter laflfe aod Cesare ^rola 


it Uiden Observatory, Neiherkru 
(Scieruific Amertcoft, August 1975 
They claim that such a plaxy, whi: 
hurtling through space, produa 
plactic magnetosphere (Pfg. 3 ) ju: 
as earth's magnetism produces ma| 
netospherc while passing ihroug 
a stream of ecerpiic partkJe 
tailed Solar Wind. The energ 
liberated durirjg explosions in th 
nucleus is injected into (he magneto 
sphere to accelerate particles. A 
a result of the spiralling magneii 
fields, the synchrotron radiation 
is emitted along the tail. Recently 
a clear-cut evidence for such i 
magnetic field has been observed 

Interplactk medlam 

The most cogent evidence for (h< 
physical existence of an incergaltcti< 
medium comes from these sources 
The following two irtsiances makt 
Ihis apparent. 

As radio components are nothing 
but pses in turbulent states will* 
subatomic relativistic particle! 
spiralling in magnetic fields, it will 
not be wrong to call them ‘clouds’. 
However, there has been found 
a difference in their shapes. Foi 
exempky the components of DA24C 
are bulbous while those of Cygnus 
A confined. A plausible explana¬ 
tion is that DA240 is in a higher stale 
of evolution than Cygmts A; as a 
cloud of p$. which is expanding at 
a high speed through a medium, 
grows in size, (he ram pressure 
(the pressure that builds up at the 
leading edges of a cloud of ps which 
is expanding at a high speed through 
a medium ) exerted by the intergal- 
actic medium opposes It and, in 
addition, decelerates it. That is 
why (he clouds are confined in the 
case of CygmiS A. At a later period 
of evolution—the state in which 
DA 240 is at present—with the decre¬ 
ase in the expansion rale of the clouds 
the resisting pressure of the inter- 
plactic m^ium also decreases. 
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This allaws the clouds to grow io a 
norma) manner—<qua) eapansion in 
ull directions -to take the bulbous 
:>hapc. The discrepancy in this 
explanation does not tveome obvious 
unless one point is stated: that 
the immense energy in the clouds is 
not uniformly distributed; it is 
conhned only to two small regiofts 
insidci which are the hot radio com¬ 
ponents. So it counts against the 
assertion that ram pressure alone 
resists the expansion of a region 
stuffed with in proport innately enor* 
mous amount of energy. There 
must be prevalent in addition some 
.>ther pressure, of which we ure 
uiil unaware. 

The other impressive evidence for 
nedium in the iniergalactic space is 
>rovided by heud-uil galaxies, 
fhe settling d«7wn of the energy 
»cked blobs,* which the galaxy 
)uff9 out. into the surrounding 
ipncc in itself carries home the point 
hat there is a medium which resists 
he blob from moving with the 
mcleus of the galaxy. Further, 
i has been observed that the tails 
tf such galaxies are curved. This 
ndicates that turbulence is present 
n the medium, which causes the tail 
o turn. It appears more conclusive 
han assuming for no reason that the 
;alaxy itself is turning in space 
lue to gravitational influence. The 


phenomenon is, more or less, like 
the drining of the bubbles from the 
bubble'producing ^dget along the 
direction of Che wiud. whose direc¬ 
tion of motion ii other than that 
of the bubble producing gadget. It 
is now understood that the medium 
contains ps whose deiksity in inter- 
plactk space is three hydrogen 
atoms/litre. 

The crux of so many baffling 
problems that face the theoreticians 
in carring out a perfect model for 
the double radio sources is the 
energy emission. On the scale (he 
energy is produced and emitted by 
lltese objects is inexplicable. In 
other words, no energy-production 
mechanism hitherto known, e.g.. 
thermonuclear retetions. can account 
for k. It is suggested that the 
process utilised by that mechanism 
may be the complete annihilation of 
matter - when mass is annihilated, it 
releases energy hundred times more 
than what fusion process would 
release for the same ({uantity. All 
this implies that by (he study of 
double ndio sources, we are intrud¬ 
ing into the domain of a mysterious 
phenomenon at work. How much we 
shall succeed and what benefib 
accrue from such a study time only 
will tell. 

Diua M. Salwj 


Pi in terms of a new fraction 


140 000 000 000 000 
71 887 338 $39 247 • 

aloe of T upto corrected fewtccith 
lace of dcdnal or If sfpf- 
Icaot figures. 

r HE ratio of circumfereike to 
diameter of a circle is a 
niversal constant, and is denoted by 
X Oretk letter v (Pi). The ratio 


is independent of the siis of circle and 
is a real but irrational luunber; its 
decimal equivaJeni is a rK>Q-repealtAg 

number, it b oever'eoding. 

Moreover, it cannot be a root of an 
aipbiak equation with real coeffi¬ 
cients. This prt^rty b known as 
tra na c e ndeoce of v, and was proved 
by F. Lindemann of Germany ta 
IU2. Apin. as w possesses an 


irrational value, it is impossib 
io draw a cirde of area A 
where A stands for the area < 
another amaller circle, fn otb 
words, no circle can be squared up 
the form of another circle. 

The value of v upto correcte 
20 places of decimal (Adele Leot 
hardy. Introductory Coiiege Maihi 
metirs. p. g4. John Wiley & Son; 
New York & London. 1^3) i 
3.141 m 653 589 793 238 46.. Wit 
the help of an electronic computei 
the value was successfully compute 
upto 100 000 places of decimi 
(D. Shnnks 8c J.W. Wrench Jr 
Mothemotia of Computation, Vol K 
pp. 76-79. 1962) at the beginning o 
the last decade. 

For the estimation of the value o 
V. historical evidence of the variou 
attempts made through the aps ar 
avHilabb. An ancient Chinese an^ 
a Hebrew book assumed a value o 
3.0 for w. Archimedes, in the 3n 
century B.C., showed that (he valu 



lies between 



ar>d 3 


10 

71 


For cakulating it. he took the helf 
of a regular polygon of 96 sidei 
inscribed within a circle. Aryabhata 
a Q Indbn tna thematician of ibe II il 


century, expressed v as 


62 832 
20 0d0 


which <v>nvs to 3.1416. His con 
temporary Italian mathematician 
Leonardo Fibonacci, pve its value u 


824 
274 ’ 


U., 3.007— Aryabhata*} 


estimalioo of v may be considered 
(0 be the first successful altempi 
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1 arnviog at a fairly corraci 
ilue. Aq EgypiMn book named 
Amad Papyrus of the 17lh 

256 

;fitury gave this ratio as ^ or 

.1605. A Sanskrit book Lilarari 
rittan by Bhiikar&ch&rya, an 
idiao mathematician of the )2th 
^ntury» shows the following rule 
)hiskarichlrya, LUu Tra nsla ted 
; Edited by Colebrookand Banexji, 
. 115. Kitib Mahal. Allahabad, 
967} for the estimation of«. 

'*Rule 201 : When the diameter 
ryftsa) of a circle (vritla) is multi- 
lied by three thousand nine hundred 
nd twenty-seven, and divided by 
ivelve hundred and fifty, the quotient 
^ the near circumference (paridhi) of 
hat circle; or^ when the diameter 
i Qultiplied by tweaiy*two and 
ivided by seven, the gross value of 
s circumference is obtained." 


The first part of rule 201. which is 
l^renlly derived from Aryabhata's 
raciioQ by dividing both nutnerator 
nd denominator by 16. gives its 
ulue as 3.1416. This is true upto 
orreeted fourth place of decimal, 
rhe second part of the rule yields a 


till lessaccurate value of 3.142857... 
22 

or which is still used for rou^ 

alculations. It is true upto correct- 
d third place nf decimal. 

During the 17th century, different 
nathematical series (S.A., II, 10, p. 
189,1974) involving V were obtain^ 
0 the West. TTiey ^ovided new 
grounds for estimating the value of 


w. Towards the middle of 19th 
century, WtUtam Shanks in Europe 
was able to estimate » from mathe- 
metical series upto 707 places of 
decimal by doing pairutaking calcu¬ 
lations. No evidence ^ any other 
serious attempt to express v as a 
fraction having accuracy more than 
Bhiskaricbirya's fraction can be 
traced, though recently computation 
of the value of « has already been 
made accurately upto KP places of 
decimal. 

The author has derived a fraction 
540 000 000 000000 . 

171 S87“338 539“247 
checking its value, its decimal equiva¬ 
lent has been found to tally upto 
fourteenth corrected place of dedoul, 
i«.. upto 15 significant figures. It 
should be noted here that the suggest¬ 
ed fraction has also 15 significant 
figures in the deoomiiator and 2 
significant figures in the numerator. 
So. no better accuracy can be ex¬ 
pected from the * fraction. The 
method adopted to arrive at the 
fraction is given below. 

When a rotating radius, r, of any 
circle makes a complete revolution, 
one end of it forms a circle whose 
perimeter, p, equals 2 t r by defini¬ 
tion. When the radius is rotated thro¬ 
ugh a small angle such that a small 
arc, 8p» of the drde subtends an 
ao^ of 1 second (1*) at its centre 

aa 

(Fig, I). the ratio ^then represents 

the angle (H expressed in radian. 
The ctHiveriioa value from radian 


to second for angle (LJ. Coomrie 
Chambers' ^'figure Mathematicc 
TabJes. Vol 11, p. 579, W. A R. Cham 
bers Ltd., Edinburgh A London 
1972) is: 

I radian-206 264.*8062470964 
One complete revolution of i 
radius corresponds to an aogula 
displaoemeni by 2ir radians o 
360* or 1 296 000,* which mean 
(hat p-1 296 000 tp»2*r. 


Thus. 


I 296 000 
2 


X 


I __ 

266 264“:866 i 


648 000 000 000 000 0 
*'206 264 606 247 096 T 


540 000 000 000 000 
*171 887 338 539 247 


The last fraction is obtained b; 
dividing both the numerator acu 
denominator of the previous fraclioi 
by 12. 

It is further noted (hat a bette 
fraction with more significant figure 
in ruisnerator and denominator ma; 
be arrived at, if tbe conversion valu 
from radian to seconds is computei 
upto more significant figures than h 
as assumed in the above deduction. 

The concept of a small angle of 1 
may be compared with a similarangli 
in tbe definition of *Parsec’, which i 
an astroaooucal unit of length 
Parsec ti the largest unit of lengtl 
ever coooeived and is larger thai 
lightyear. Parsec is the distano 
from earth to a far distant point, / 
ID ^ce at which the mean disUoci 
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'om «arth to sun nukes an aogle 
f 1 second at P (Fig. 2). It u nearly 
.086 X 10'* metres. 

It is worth mestioning here that 
te new rractional value of w may 
e utilized ia future to arrive at a 
tore precise value of the astronomi¬ 


cal unit of length, Paraec, in tenns 
of metre. 


SUDKBH K. MUSHERJa 
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Does polywater exist ? 


HATis polywater? It is claimed 
that '"pptywater is a polymer 
f pure water with properties some- 
i^hat more like those of a real polymer 
those of ordinary water”. The 
laim is certainly exciting, and scien* 
ists in different parts of the world are 
ngaged in the study of polywaier. 
lut whether poly water 1$ a reality or 
lOt has not yet been conclusively 
stablished. Many Kientists are 
lOt ready to consider polywater or 
nomalous water to be pure H|0. 
According to them, it is a boriceous, 
ilioeous or carbonaceous hydrate. 

Polywater was first discovered by 
'I.N. Fedyakin in USSR and exten- 
ively investigated by B.V. Deryaguin 
id. at Institute of Physical 
Chemistry, Moscow. Its properties 
iifler much from those of ordinary 
vater. It is a viscous, gelatinous 
ubilaoce apparently produced from 
irdinary water and miscible with 
t. It can be produced in a very 
mall quantity in fine capillaries by 
he process of evaporation ' and 
ondeosation of ordinary water. 

>rodoetloii of polywtt^ apcdmca 

A bundle of freshly drawn fused 
ilica or borosilicate glass capillary 
ubes, having lengths of the order 
»f 1 cia and intenul diameter 
etween l^maod S0ra> ts suspend- 
d in a vacuum system, generally a 
acuun desiccator, and exposed to 
rater vapour for sevtial days, 
'or obtaiAiog excellent resuhi 
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saturated water vapour is not used 
but the saturation of water vapour is 
kept within 9S% to 98%. For 
obtaining the requisite laturaiion of 
water vapour, the vacuum system 
aloogwith the bundle of capillary 
tubes is kept at i fixed temperature 
by the use of a thermostatic arrange¬ 
ment. The distilled water placed 
inside the vacuum system is kept at 
a temperature 0.3^ to0.5X lower 
than the vacuum system by the use 
of a separate thermostatic arrangr* 
menL After several days ca^t- 
larics are found, under the micro¬ 
scope. filled with a colourless liquid. 
This liquid is considered to be a 
mixture of ordinary water and poly¬ 
water. Its properties are found to 
difler from those of ordinary water. 
When evaporated at room tempera¬ 
ture under exposure to laborp- 
lory air, the liquid gives a more con¬ 
densed solution of about O.l ^gm 
which B considered to be a 10% 
solution of polywater in ordinary 
water. The striution is transferred 
from the capiUaries on to a nwtal 
or silica plate by blowing or by 
cenlrifugiQg. )t » evaporated in 
90CW and recondensed into anotlvr 
capillary. This recoup nied poly- 
water eolotioD leaves, after some 
evaporation ia vacuum, an almost 
s^id residue. Tliis is citing to 
be pure polywiter. 

These experimeDts require great 
skill and patieoce. and different 
scientists have obuiimd dilfereai 

ma 



results. According to some, poly 
water is a reality while other 
refute it. They say fbat the residm 
claimed to be polywaier is not pun 
H|0 but simply impurities leacbet 
from the capillaries or from thi 
vacuum system. The matter has no 
yet reached a definite conclusion. 

Preportia of palywatar 

Derjaguin and his coworken dh 
not at first visualise that polyjnor 
phous form of water can exist outsid 
the capillaries. Hence, they measu 
red the bulk properties of the poly 
water specimen without bringing th 
specimen outside (he capillaries ii 
which it was formed, after remcviti; 
from It as much ordinary water a 
possible by the process of evapora 
tion. It was found that the visco 
sity of the polywiter specimen wa 
12 to 15 limes greater than that o 
ordinary water and the coefficlen 
of volume expansion of the specitnei 
was about 50% higher than that o 
ordinary water at the same tempera 
ture. The density of the mixture o 
polywater and ordinary water wa 
found to be 1.39 gm/c.c. Polywate 
could be supercooled to a much lowe 
temperature and much more easil 
than ordinary water, but on reheat 
ing quasi-raeltiog was observe^ 
between —l5*Cand —30*C. Durin 
qua si-melting state the length of th 
polywater column changes at i 
relatively higher rate but the chang 
is rather small—a be ut 5% only 
So the solid formed from polywate 
cannot be ordinary ice. When th 
mixture of polywater and ordinar 
water ia healed from —5*C to CPC 
the two separate into two differer 
phases, though at the origiQi 
temperature only a single phas 
exists. 

The refraetive index of polywgte 
la 1.4E. It was found to be birefrini 
ent. According to the Lorentt 
Lorentt equation this value c 
refractive index is cotuisteot wit 
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$ fluumum detuity. U m assumed 
lat the molar refraciioo is the 
imc in the two speaes. Poly> 
vter remains stable well above 
OO^’C. The exact boiling point is 
ot known. The accuracy of the 
icasuremenis of the physical proper* 
es of polywater such as viscosity 
y Derjaguin was doubtful due to 
le fact that concentration of the 
nature of polywater and ordinary 
'ater in the capillaries (on which 
le rneasuretncnii were carried out) 
'at unspecific and the properties 
f pure polywater^, we re calculated 
idircctly by extrapolation. 

I polywater i reality ? 

There are many reasons to doubt 
te existence of polywater. Many 
ttempu have been made to repeat 
lerjaguin'i experimenls >ut with 
arying degrees of success. Residues 
ave been obtained^ but all the 
measured properties do not tally 
XBCtly with those of Derjaguin's 
xperiments. Many factors may be 
rsponsible for this. According to 
3 me workers the residue is not pure 
olymorph of water* but a substance 
rached from the walls of the appara¬ 
ils: a crystalline condense of an 
lectrolyte* a siliceous or boraceous 
ubstance or a carbonate. 

The most significant evidence 
gainst polywater is the results of 
he electron microprobe analysis, 
c is an X-ray spectroscopic method. 
i finely focussed electron beam of 
nergy* sufficient to excite chart- 
teristic X-ray ipectn, is sesnaed 
Q the residue (which is claimed to 
e pure polywater specimen) and the 
nvelengths of iht characterutic 
k-ray spectra are detennlned. The 
sethod is sensitive but not absolute, 
lie signal must be calibrated by 
omparing with a prepared speciown. 
Jiiog the electroo mteroprohe 
sethod E.R. Lippincoti and his 
oworkers of the University of Maiy- 
tnd, USA armed at the eonclusion 


tfit the residue, though not absolu¬ 
tely pure, was faiKy pure; whereas 
most other workers such as S.W. 
Rabideau snd A.E. Rorin of the 
University of Caltforaia found the* 
presence of some impuritick such 
as Na* K, C. C). and smaller 
quantities of Ca. B, N. Si tad S. 
Comparing the signals with that of 
oxygen or independently prepared 
specimens of impurity substances of 
known mass, it was found that these 
impurities usually form an apprecia¬ 
ble part of the polywater specimen. 

One may now question how these 
elements form a part of the poly¬ 
water specimen. This may be due to 
the evaporation of electrolyte ion 
from the solution. It is found that 
on evaporation of the liquid specimen 
from the capillaries, crystalline KiSO^ 
deposit is obtained if instead of the 
temperature differential method a 
saturated K 1 SO 4 solution is used for 
obtaining 98% saturated water 
vapour. 

Another significant fad is that 
polywater specimen is not obtained 
if instead of a ^ass vacuum desi¬ 
ccator a plastic vacuum desiccator 
is used. Again, it is very difficult to 
form polywater specimen in moist 
capillaries, and freshly drawn capil¬ 
laries are needed to get polywater. 
But this docs not prove that leaching 
plays an important role. It only 
proves that silica or glass surface is 
closely involved In the fonnatioo 
of polywater. May be the alkali 
coiuentratioo is relatively higher on 
a freshly drawn silica surface which 
accelarates leaching. One very inter¬ 
esting feature is that polywater cannot 
be prepared from heavy water (D|0}. 

Some worken are not ready to 
consider polywater a reality on the 
ground that iafrered absorption 
^ectri. almost similar to that for 
polywater (obtained by, Lippincott 
and his coworkers), is obtained for 
various aqueous solutions. 

TIk Birkbeck College group. Ui 


vereity of London, has found that j 
the vacuum system used for the pre 
pa ration of polywater specimen is no 
free from oil, the polywater specimei 
is found to contain traces of carboi 
under electron microprobe analysi 
though it is free from silicon and othe 
impurities. 

In some experiments it tool 
a much longer time for an; 
liquid to be condensed in th 
capillaries, when oil-free vacuun 
systems weie used. The con 
densed liquid evaporated completel; 
to dryneu without leaving behin< 
any residue. M is not an indirec 
evidence that all residues are impun 
or. conversely, the liquids which d( 
not give any residue are pure? 

In a new book (Recent Advance, 
in Adhesion edited by Lieng-Huanj 
Lee of Xerox Corpn., New York 4 
London, 1973). Derjaguin has con 
curred with his former opponents tha 
the observed properties art caused b; 
the presence of impurities rather thai 
by a new structure of hydrogen anc 
oxygen atoms. He states (hat he am 
his co-workers, using an electron 
probe technique, delected Si and/o 
some other impurities in even thi 
cleanest samples of anomalou 
material. Even (hen several pheno 
mena still remain unex|^ained. On 
mystery. Derjaguin feels, isthatfresi 
water vapour condensate appears U 
dissolve quartz and impurities mon 
readily than aged liquid water. 

An exi^ nation of this pheno 
menon has beeo proposed by Barr 
Brummer, Enviromoental Impac 
Centre, Cambridge. He feels tha 
the material present will dissolv 
equally well in either liquid 0 
vapour. However, in the care c 
water vapour the amount of wate 
is so small that the initial materis 
(hat dissolves produces a mor 
alkaline solution than liquid watei 
hence it dissolves more readil 
other materials. 

A second unresolved question 
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the exact nature of the materfal that 
is called polywater. Many ioipurU 
ties such as Na, B, Si, C have been 
found in varying degrees in the 
saoiples prepared by various experi¬ 
mental groups. Yet no one knows 
which df these elements ate essential 
constituents of the anomalous 
water. 

Slnietve 

It is difficult to conceive that 
liquids can have any structure, 
becauae phenomena such as Brow* 
man motion, etc.; show that the mole¬ 
cules of a liquid are at random 
motion relative to each other. 
Hence, by liquid structure is meant 
the instantaneous structure of the 
liquid or the lime-average of certain 
features of the instantaneous struc* 
lure. 

Ordinary water has asymmetrical 

D-H_O hydrogen bond between 

two oxygen atoms. Tbe bond energy 
1 about 4.5 Kcal/mole. about 02 
^V. But in case of poly water, stronger 
lydrogen bonds may exist which 
;arn large differences in the proper- 
ies of water and polywater. Such 
I bond might involve a different set 
>f molecular orbiuls and can play 
in important role in liquid-solid 
nterface problems. 

For solving the structural problem, 
>ne must consider the results of some 
)hysical m^'esurementson poly water 
luch fls the mass-spectrum, NMR. 
<-ray. diffraction, infrared spectra 
ind Laser-Raman spectra. Mass 
spectrum helps in determining the 
lature and proportions of the impu- 
ilies. The presence of impurities 
vas found to be low on mass-spectro- 
icopic observations of the vapour 
>hase. But this might be due to the 
ow vapour pressure. It was sugges- 
ed that polywater exists as 
ilusters which vaporise without dis- 
lociation. However, the mass 
ipectroscopk study of the vapour 
thase reveals that this is not so. 


Though the proposed strong bond 
energy for polywaier is consistent 
with its low vapour pressure and 
high temperature behaviour, a 
question naturally arises: if the bond 
is so strong, why is it not present at 
least in small quantities in ordinary 
water? Again, the miscibility of 
polywater with ordinary water is 
difficult to explain oa the basis of the 
polyelecirolyte structure. However, 
the bond of the type (O^HO'’) may 
exist but whether it actually domi¬ 
nates is another thing. 

Methods of molecular orbital 
calculatiorts have been adopted to 
throw some light on the problem of 
OHO bonds. On the basis of such 
calculations LC. Allen of the Prince¬ 
ton Univeraity. USA, and his co-wor- 
kers have proposed an electrically 
neutral structure having coi^oined 
planar/hexagona) rings. Three types 
of lattice have been suggested. The 
properties of polywater such as its 
density, viscosity, low and high 


temperature behaviour, birefringem 
and its NMR spectra are all consi 
tent with these structures. Ir^ thei 
structures tbe bond energies ai 
comparable to those in ordinal 
water, but the geometries of t^ 
structures are different from that t 
ordinary water. 

Though quite a good amoui 
of researeh has been carried oi 
on polywaier. its existence or not 
existence is still very much an ope 
question.' Researches on polywati 
are still in progress in different labc 
ratories and may have much sign 
ficance in the (kid of science. Eve 
though pure polywater has no raj 
existence, the structural studies c 
polywater. including molecuh 
orbital calculations, are valuab 
because they probably apply to wati 
interface systems. 

PRAD]^ KUHAR DATT 
Pepft. of Fhysl 
HoogMy Mohsin CoUti 
Chinrara, HoogMy (W.B 


Synergistic phenomena 


G old dissolves neither in hydro¬ 
chloric acid nor io nitric acid. 
But it readily dissolves in a mixture 
of these aci^l:3). If you take an 
analgesic like novalgin or aspirin 
along with alcohol, you teel far more 
depressed than w^^n alwhol or the 
analgesic art taken separately. 
Similarly when tomato pknts are 
sprayed with certain mixtures, we 
can harvest increased yields. But 
when the constituents of these mix¬ 
tures are tried individually, the yields 
are lower. 

These are examples of synergistic 
phenomena. Though the name 
appears strange, it has been used 
in several fields through cen¬ 
turies. Synergism is a pbe Do¬ 
me non wherein the additivity rule 
does not ipf^y. Tbe i^nomenon 
is disf^yed when two or more 
agents when used togei^r produce 
more effect than the algebraic sum 
of the effects p^uced when the 
agents are used singly. For eumpk. 
take tbe simple case of a mole 


of gas A producing a pressure of on 
atmosphere in a certain vessel and j 
mole of another gas B alorte alsi 
producing the same pressure in th 
same vessel. Wl^n both A and 1 
arc introduced into the vessel, th 
pressure is not what we expect i 
would be, but slightly more—abou 
2.2 atmospheres. This is an exampli 
of synergistic action where twi 
gases (agents) present together pro 
duct a pressure (effect) more thai 
that caused by the individual gases. 

In general the synergistic effec 
produced by interacdon two o 
more agents may be temperature 
colour, solubility, toxicity, etc. Ma; 
be, one can cite an exampk of syaer 
gism in decency and comfort too 
Imagine two meo meeting, one i 
small but wears an outsized coat, th 
other U tali and his coat is splittinj 
at the seams. Obviously, the bes 
course of interaction for&m wouU 
be to swap coats and part amicably 
No worry for either, both gained ii 
the bargain. 
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Thfif? Ate cAMft «^re (he 
lect prpdwd IQ (he pmeace of 
iTQ Q|MiU it teu Uttfl the additiw 
line. Tl^ee CAtet come under aati- 
nergicm* neptive eynergUm or 
kore commonly called antap- 
ism. No lyoergUtic ictioa is ttid 
) occur when the combined efi^ 

; jittt e^oal to (be additive value. 

One cornel across a larp number 
f examples of synergistic action in, 
ny field. In mixtures of apnu 
f chemical nature, the concentra- 
ion of the apnu is very important. 
hUy with certain proportioas of 
pnts> pronounced effects are noti- 
eable. Thit is why synergistic com^ 
ositions of mixtures of apnis are 
Aen reported. Of late, much in* 
rrest has been shown in discovering 
puts which enhance the character* 
Stic effect produced by a particular 
ubstance. A few examples ol 
ynergistic phenomena are given 
lelow. 

A considerable percentap of iron. 
^1 and non-ferrous metals like cop¬ 
ier, tin and zinc produced every 
«ar arc ingloriously lost by metal 
xirrosioD. Corrosion weakens me* 
als and alloys and robs them of 
heir valuable proprtka Any 
lUempt to reduce the loss due to 
xirroaion would pay a lot. Research¬ 
ers have come out with highly 
promising solutions — synergistic 
mixtures for inhibiting the ccrronon 
>f ferrous metals, copper and zinc. 


poeae tricarboo^ Syfwrgistk lubri* 
cam fflixtures are aUo availabfe. 

Surpry has now been made 
much less painful by the im¬ 
proved prformince of synergistic 
anesthetic mixtures. 


^rbon monoxide is a poisonous 
itueot of the exhaust pses of 




automobiles. Synergiatk mixtures 
are pr<^oaed for reducing its content 
in these exhaust pies. These mix¬ 
tures are prticulariy useful in our 
ioduitnally advanced cities with 
heavy vehicular trilTic. 

Catalysts are a vital need In Indus- 
sto* for making a prtkuiar domical 
reaction p in a short lime. 
Synergistic caulyst combinations 
help the reactions p> at much faster 
rates. 


An imeresting cate of synergism 
produced in colour and solubility is 
made use of in the analytical chemis¬ 
try ofeoppr. In a mixture contain¬ 
ing coppr (II) pyridine and salicy¬ 
lic acid, a blue compound (mixed 
complex) is formed, which is more 
inicnic in c<Hor than the copper- 
pyridine (I) or copper-salicylic acid 
(11) complexes. Moreover, the mixed 
comi^x readily dissolves in chloro¬ 
form while (I) and (II) do not dis¬ 
solve. By measuring the colour in 
chloroform, the amount of copper 
can be esumated according Ic 
an extractive photometric method 
sugpstcd for copper. 


Tetraethyl lead emerged aa an anti¬ 
knock apnf through the bnllbot 
Aemical deductions of Midgley 
[Britisltor) nod this development haa 
ted a treoendoui effect on the ntili- 
ation of ptoline. The mviog to 
the consumer has been immeoae, 
ruiuiiiif to billiottt of doUnrt each 
Ifear. The piformance waa furdter 
improved ^ a later discovery that 
tetraethyl lead befa ivet lynergbUcaBy 
adih aaefhylcyolopeoiadiettyt mni^ 


ft U well-known that more than 
twenty of the naturally oc c urr i ng 
dements are eaatniial for the life 
procemes to poceed. The interac¬ 
tion of these elemenls is very compli¬ 
cated. The uiUiacioo of a certain 
elenwQt is profoundly influenced by 
the presence or^bMce of another 
claiienL An aaimal deprived of 
copper (but not Iron) develops 
OMmia suondag a syaergittic 
actioi between copper and iron. 


Some combinations of agents are 
very harmful. For example, certain 
associations of microorganisms are 
involved in the spoilage of most 
kind of foods. Two microorganisms 
can be synergistic in bringing 
about changes that neither could 
produce alone. To take another 
example of harmful combinations, 
saccharin is the cheapest available 
non-toxic synthetic sweetener consu- 
n>cd by diabetics and also used for 
sweetening food and drinks. It is 
unfortunate that this sweetening 
agent becomes cocarcir>r>genic when 
used with even smell amounts of n 
chemical carcinogen which alone does 
not produce cancer in such small 
amounts. Similarly, freons ind 
certain in.secticide:> when used to¬ 
gether are found to produce cancer¬ 
ous tissue, while they produce no 
undesirable effect when used singly. 

A number of solid and liquid 
micro-nutnent mixtures (containing 
iron, copper, zinc, boron, manganese, 
etc.) are recommended for crops 
for increased yields. Fanners have 
to be very careful about their 
usage. The soil has to be tested 
and only when it is found neces- 
wy, these micronutrients can be 
at^ied, (hat too, in the required 
amountv. Excess amounts will be 
toxic and poison the beneficial 
eflect of another micronutrient, 
besides adversely affecting its intake. 

Similarly, though amino acids 
are important for human body they 
lead to a number of disorders in 
the body, if taken in dispro¬ 
portionate amounts. The ability oi 
sheep or cattle to absorb coppei 
is greatly influenced if too much 
zioc or molybdenum is present k 
their diet. This is an example ol 
antagonism between copper and 
zinp or molybdenum. In order tc 
correct anemia, a check on the die 
tary levels of zinc and molybdenuit 
is thus oecesury for proper ibsorp 
tion of co^r, which in tun 
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ixerit 1 lyoergisttc tccioa on (he 
tftilLZfttion of iron. 

Although thouttnds of extmplei 
synergiitic mixtures are available* 
the *necbaiutm of such action is not 
ftl ^ull/ understood in all the cases. 
However, sctentiits wondered as to 
!u>w substances behave when they 
ire alone or when other sub¬ 
stances are also present. They are 
MDviQced that a molecule behaves 
lifterently when in close proximity 
other molecules (even if they are 
sxacily similar to themselves). For 
example, the behaviour of a single 
nolecule of water would be 
liflerent in that it would not boil 
It lOO^C or freeze at 0*C, as water 
n a beaker does. You would not 
ind individual molecules of H«0 in 
\ beaker of water. What you find 
s agregates of molecules best 
epresented by (K^)„ where n is a 
;imple integer more than 1. It is this 
nteraction between water molecules 
vhich modifies and is responsible 
or all the * behaviour that water 
exhibits. The intenction between 
kgenls in certain systems has 
)robab)y an explanation at the 
nolecular level, the degree of interac- 
ion depending ultimately on the 
structures of the agents and other 
»rsmeiers. 

Of late, we have been witnessing 
i lot of demand for materials like 
bod, fuels, fertiUzers and medicines, 
fhe need for their effective and 
conomic usage is well recognised, 
lynergistic mixtures are of particular 
rievence in this connection. However, 
he interaction of the constituents 
»f such combinations and the elfect 
if such interaction on life processes 
IS ve to be thorou^y understood. 

rhe ben order imposed by the 

federal Govemment of Canada on 
be sale of all pain-kiUen that contain 
ibeoacetin in combination with any 
onn of aalkylate, is a good exam^ 
if such awareness. The ban was 
esult of experimental studies which 


suggested that ^oducts containing 
acetylalicylate, pheoacetio and 
ca&Loe (APC) cause more kidney 
toxicity than phenacetin alone. 

In view of the potentialities held 
by synergistic phenomena, the dis¬ 
covery of more such phenomena is 
always awaited as well as a thorough 
understanding of their mechanism. 
Those who have actually worked on 
the synergistic phenomena, witness* 


iog the enhanced effects product 
by mixtures of agents wit) be 
appreciate (he Oxford En^U 
Dictionary meaning of the wot 
synergism: the doctrine (hat tl 
human efforts cooperated with tl 
Divine Grace in the work of n 
generation and salvation of the soul 

V.V.R Sasth 
ftts. Lai 
Bhubaneswar 


Disc electrophoresis 


T^ISC electrophoresis, a new 
re markable analytics I method, 
was developed first in the Cell 
Research Uboracory of Mt; Sinai 
Hospital in New York. U is capable 
of making separations of substances 
of high molecular weight which could 
not be achieved with greater resolu¬ 
tion by paper or starch gel electro¬ 
phoresis. The technique is called 
disc electrophoresis because highly 
concentrated protein stack separates 
out in thin layers of as little as SO 
microns thick that resemble a stack 
of flat discs io the column and 
also because the technique involves 
a discontinuous pH boundary during 
stacking, praconcentrating phase 
A large number of substances 


like plasma proteins, mucoprotein 
lipoproteins, nucleoproieios, heme 
flobins and haptoproteins; a variet 
of enzyme proteins (isozymes) lik 
ribonucleaae, amylases, dehydre 
genases. tranuminases, transpepti 
dases and carboxylases and a variet; 
of other substances are successful! 
separated by this method. 

Key to the success of this techniqu 
is the advance preparation of polyac 
rylamide gel and the method 0 
loading it in three stages into ope: 
ended cylindrical glass tubes o 
8 mm diameter. The sample i 
mixed in an anticonvection mediun 
Next a 'staking' layer of relativel 
pore size is polymerised In Ih 
Cube. A separating gel of diflereo 
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H tfid sauil pore size u ioided tnd 
olymeriflcd tbove this. According 
I their dectrophoreck mobility, 
ie Simple tons concemrete in » 
lie disc it the inlerfsce between 
ACkiiif and separating gel 
^hen current is applied. The 
ands move and separate along the 
lOving pH boundary across a 
near voltage gradient. The ele- 
trophorests may be carried out 
y using either a single get or a 
nown percerttage or the gel may 
ansista of three sections: (I)a large 
ore ant icon veci ion gel containing 
H protein sample, (2) a large pore 
pacer gel in which electrophoretic 
onceniration takes place, and (3) 

small pore gel in which electro- 
horetic separation is accomplished. 

When the sample crosses the inter* 
ice into the separating gel. a moving 
H boundary sweeps through them 
nd separation begins in a linear 
oitage gradient. The efleci of 
lectrophoretic mobility is enhanced 
y a physical 'sieving' as the Urge 
lolecules pass through the gel pores. 

Electrophoresis is complete within 
a If an hour and the gels are removed 
x)m Ihcir tabes and placed m stains 
I various kinds to identify the vari- 
us types of protems. If necessary. 
Kcess ol stain is removed in destain- 
ig tubes and ekcirophored for 45 
tmules. The individual bands on 
H gels can be photographed or 
:anned photomeirkally lo chart the 
ensities and spacing of the separa- 
!d bands. Sections ofthe gels can be 
ul apart and (he contained fractions 
valuated for chemical, radiographic 
r immunological assay. 

idraatafca 

It has a number of advantages over 
larch or paper electrophoresis: 
I) It is huadred times more sensitive 
ban ilaith gel and paper electro* 
>hofesis; (2) cortcentrttes protein 
rom dilitce aolutions before separa* 
ioii: (3) it ii more reproducible 


than either paper or starch gel elec- 
trof^reiis: (4) the bands are clear 
and transparent; (5) it is faster, and 
works within half an hour to one 
hour, whereas paper or starch lakes 
nwe than 10 to 12 hours; (6) the 
ekctrophoreik tank holds many gel 
lubes ina minimum space; (7) the gels 
are Quite inert; and (B) it is simple to 
understand and easy to handle. 

Effect of pH and porocity of gel 

With change of pH. the electro¬ 
phoretic mobility of proteins varies 
due to the ionisation of COOH lo 
COO and NH, to NH,4. There- 
fore, the ionic strength and so the 
conductivity of the buffer must be as 
low as possible because higher mobi¬ 
lities can be achieved with minimum 
heat. Depending on the size and 


P OLLEN grains represent the 
highiy reduced male gamclophylc 
of Ao wc ri ng pla nl s com pnsi ng a gc - 
tative cell and a generative cell or 
the two sperms. Th.* grains are trans¬ 
ported by air. water, insects or birds 
to the stigma of anoih':r flower (of 
the same ora different plant). Soon 
after arrival, they germinate and form 
polkn lubes which carry the sperm 
to the female gametophyie. The 
grain wall, consisting of (hick, resis¬ 
tant exinc and a membranous inline, 
has for long been considered a pro¬ 
tective corpus- fending against any 
harmful influence of maternal sporo- 
phyte, aiKl later the rigours of exter¬ 
nal environment. Recently, it has 
been shown that these w«ll kyers arc 
also the seal of complex enzymic am) 
antigenic proteins which flow out 
within moments of alightment on the 
moist stigma, and are involved in 
germination of pollen, dilation of the 
germ pore for emergence of pollen 
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molecular weight ofthe protein mok 
cule. pore size of the gel can b 
adjusted to the desired state. 

AppJkatioas 

Data obtained by disc electre 
phoresis have been used in diagnosin 
and monitoring of patients of acui 
schizophrenia, cancer of breast, livei 
pathology, milk allergy, mycolom 
and tuberculosis, etc. It also aids i 
the idemihcaiion of seed protein: 
prot. ins participating in the morphe 
gcr.ctic phenomenon of plants an 
pathological condition of plants, et( 

S B. Narasimiiaki Dl) 
PM Swam 
Deptt. of Hotnn 
S.y. Urtiv^nUy. Tirupatl 


tube, and diNsoluiiun of the cuticl 
to pave way for pollen tube entr 
into stigma, Th: effused pollen wa 
proteins also r^act with aualogot 
pistillate proteins to determir 
whether the grain will germinal 
and if so. whvlhcr the lube wi 
successfully traverse the style [it 
recognition reaciion). 

Th?sc pollen proteins arc also th 
caus: of several a lie I gic di:ford.'rs i 
some such as hsy-fever (charac(;rizc 
by intense sn?czmg and cough accon 
punied by itchy, watery eyes), urt 
caria (eruption of the skin), rhinit 
(inflammation of nasal passage 
and asthma (constriction of Ant 
air passages resulting m difficull 

in breaihing, and wheezing) huraa 
beings. Allergy is an altere 
or acquired state which results i 
abnormal response of the body t 
substances normally harmless. Du 
and insect debris can also induce i 
but pollen is the major leroallergci 


Perils from pollens 
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The graitu of most plants contain a 
BRitll fraction (a5% to 1%) of their 
total protein content as allergen 
(substances capable oi causing 
idvene reaction in the body). How¬ 
ever. only the wind-pollinated plants 
»re troublesome because of (he abun¬ 
dance of their poUen in the air we 
breathe. An idtf of the amount of 
pollen grains produced by these 
plants can be had from the example 
of ragweed, t single plant of which 
»n generate 40,000,000.000 of pollen 
grains per day. The grains of some 
plaitts arc so light (6,000,000,000 in 
xrtain grasses would weigh an 
junce) that they are blown to 
distances, hundreds of kibmetert 
iway. 

Sourcto of allergy 

The understanding of the compli* 
:ity of plants in bringing about 
:eruin 'seasonal diseases' has been 
gradual. To begin with, odours 
ifnanating from flowers, such as 
^s, were implicated. Towards the 
nid-nintcenth century, J. EUtatson 
1951). a British scientist, suggested 
hat grass pollen caused hay-fever. 
Subsequently, a noted American 
ioctor and social reformer. Morrill 
kVy man (1872). ex peri mentally demo- 
istraled that the mucous membrane 
)f hay‘fever patients was abnormally 
ensitive to pollen. Since this rcali- 
at ion, the list of plants that have 
mn tracked down as sources of 
)oUens responsible for generating 
itlergic reactions has been swelling, 
vlulberry {Morus aibc), poplar 
Popuhis spp.), eucalyptus 
us spp.). Oak {Quarcus spp.) and 
ycamore (Phtanus spp.) among 
fees; rye (Secale cereale), cattail 
Phleum praUns^), bermuda grass 
Cynodon thctylon), wild oat {Aptna 
ar/M) and bajra (Pmisftum lyphoi- 
leum) among grasses; primulas 
Pnmuta vuJgaris) and chrysanthe- 
nums (Chrysanthemum spp.) among 
matnenuls; and ragweed (Ambrosia 


spp.). sagebrush (Anbnetie tppX 
prkkiy poppy (Argemona mexicanaX 
salsola {SaM spp.) and castor 
(Ricima commmus) among weeds, 
are some of the r^nu which are 
common causes of allergy. Hyper¬ 
sensitivity to pollen is notked only 
in titt season in vfakh the pknU 
flower. i.e.. spring for trees and most 
of the weeds, and summer or rainy 
season for majority of grasses 
Nearly ten per cent of human popu¬ 
lation is prone to this scour^. 

Naive at alkrgeai 

The chemical constitution of aller¬ 
gens has been the subject of seve¬ 
ral Investigations. Roa Augustin 
(1959). an immunologist at the 
Liverpool Universtiy. U.K.. coo- 
firmed that the antigenic property b 
retained in the protein fractions after 
sugan. peptides and pigaeais are 
removed from pollen extracts. The 
capacity of rye grass pollen is not 
lost when the extract u treated with 
carbohydrate-metabolising enzymes, 
thus setting to rest earlier belief that 
several ^rbohydrates too were 
involved. The allergy-causing pr^ 
tains in ragweed have been figured as 
acidic globular proteins with mole¬ 
cular weight ranging between 50.000 
and 40,000 daltoos. la rye pollen 
grains. W. Jordeaod K.F. LinskcDs 
(1972) the Botankal Laboratories, 
Nijmegen. The Netherlands, have 
estimated that the principal allergen 
in soluble protein fractions has a 
molecular weight of20.000. 

Hamaa rc^oav 

PoUeo-laden air enters the nore 
or mouihby breathing and passes 
into the windpipe throu^ tlw 
vocal cords. TIk wii^pipc b IvM 
open by rings of caitOage and b liivd 
by a mucous-scceetiQg membiaDe 
covercfl by numerous tiny bain. 
These hain continuottsly waft a sheet 
of ttseky mucous upwards which 
traps any dust, pollen grains or other 
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amall putldes that might have bee 
^nce the p^n proteii 
are solnble in water, theyare leache 
oat wzthia a few seconds and <a 
easily diflfitte across the mucoi 
twie. h has been suggested tht 
probably they traverse the membni 
hi the form of a complex with boroi 
adiich b known to be essential fc 
maximal aOergensc effect. 

The response to allergen varic 
wbh iadividuals. For examph 
ngweed poUen usually produce 
iidlamiwtion in the nose and eyei 
wherr ii first makes contact wit 
body fluids. Some persons, bowevei 
develop asthma or hay-fever, an 
sbll others may have headache 
The mucous tissue and Moot 
of allergic persons contain a hig] 
concentration of anlibodies^-proie 
ios which dump with anye xtraivou 
antigeos, rendering them harmlesi 
Whereas in a normal human blooc 
serum only three groups ofantibodie 
are formed, ia., immunoglobulin A 
G and M, in the blood of aUergii 
patients two other antibodies, inunu 
oo^bulin E (IgE) and immuno 
globulin ND (IgND) also exist ai 
very low concenlra lions. The poUet 
antJ^AB from complex with Ig E ant 
protwbly also with IgND antibodies. 
These complexes disturb the meta* 
bolbffl and cause rekise of certaJi 
*medblore* such as histamine, ace* 
t)4cboline. heparine and serotonin, 
from the mucosa cells or the buco- 
cytes. Hbtamine. the major secre* 
tion, b an orpnk base, geaenll> 
released from tissues when they an 
igjured. causini dilation of local 
blood vesmb, cotUraction of smooth 
mnsclea and fall in blood pressure. 
Its d isch arg e in the bronchia] region 
pmwoka icteme spastk cootractioo 
of (he ansDer air passages resulting 
in coitvniaive breathing and wheez¬ 
ing. so characteristic of aithma and 
hay-fever. Urticaria is predicated 
npon abnonnal reaction to acety¬ 
lcholine secreted in the blood. 
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'cits detect MHTM of lUergy 

Few of us would be swsre if the 
>urce of trouble is actually growing 
1 our backyard. It important to 
now the olTending plants even if it 
I not practical to get rid of them, 
ests to detect causative agents 
ivolve exposing the person to a 
a rie ty of substa nee s u nde r co nt ro lied 
onditions, simulating asfaraspossi- 
le the natural mode of contact with 
*iem. Since it can be dangerous to 
ihale a sample cf each suspected 
ollen, in practice their solutions or 
xtracts are applied to the skin (on 
He hand or the back) through small 
:ralches or by hypodermic injections, 
ledness. increase in size of wheal 
rea. itching and pain indicate hyper- 
snsitiviiy to the particular pollen. 

Veatmeot 

Anthisiamine drugs control most 
f the manifestations of allergy, 
:>cluding those of pollinosis. Corti* 
one and ACTH, hormones derived 
*om adrenal cortex and the piiuiiry, 
iscovered by Philip S. Hcnch and 
dward C Kendall (1949) at Mayo 
Minic, U.SA., arc cITective for 
mergencics, but the a lief is tempo- 
iry and frequent usage leads to 
ndesirable suppression of the body's 
wn capacity to resist infection. 

A more promising treatment 
ivolves hyposensitization through a 
?ries of injections of small doses of 
pecihe, causative allergens. Sterile 


r HE world meat supply is mise¬ 
rably less than the demand, 
^ientists have now developed ne- 
hods which have yielded highly 
lalatabke and flavoured artificial 


extracts oflhe specific pollen are prv- 
panrd tod administered at inter¬ 
vals of one to four weeks. The 
quantity is increased gradually so that 
the body develops a reasonaMe level 
of tolerance (iromuntly) against these 
subslaiwes. In India such immuno¬ 
therapy IS available at Patel Chest 
Instituie. Delhi. K.G.'s Medical 
College. Lucknow and a couple of 
other centres which test ihe patients 
specifleally for their reaction to 
pollen of plants growing in the 
surrounding regions. Recently 
scientists ai All India Institute of 
Medtcal Sckncei New Delhi, have 


inhaled air of polkn grams or other 
such particles. This should go a long 
way in atlevsstmg pollen-caused 
allergies, particularly among the aged 
who often do not respond much to 
immunotherapy. 

It rKeds to be ascertained, if the 
aodeni Indian practice of applying 
ghee to the nasal mucosa as a pre¬ 
caution or care against bronch al 
illttess actually prevents hydration of 
pollen or renders the mucous mem¬ 
brane impermeable to exuded pro¬ 
teins. 

A.K. BHArNACAK 
Orpottment of Botany 
Hans Raj Co/fege 
Uniftfsity of Delhi 
Delhi WWn 


meat from vegetable sources. This 
meat is known as vegetarian or 
artiflcial meat. 

Vegetarian meal tastes much like 
natural meal and possesses similar 


flavour. Food prepared fror 
vegetarian meat tastes so similar i 
the food from natural ones that i 
becomes diflkult for the commo 
man to distinguish one from th 
other. 

Every year millions of tonnes o 
high protein food in the form o 
oilseeds like soybeans, peanuu 
rape seeds, cotton seeds, sunflowe 
weds is uKd as animal feed am 
firliliscrs. Some food experts ihini 
that these pro kin-rich vcgetabl 
products can be directly utilised fo 


ax fine as silk thread. After additioi 
of requisite flavours and colours 
it can be converted into imitacioi 
meat products. 

Soybean based foods, speciall; 
vegetarian meal, look so appeal ini 
tn today's protein-short world that t 
number of projects are underwa; 
for utilising soybean into a variet; 
of products in America and othe 
countries. Or. A. D. Odell of thi 
General Mills Inc., Kankakee 
Illinois (one of (he Americai 
companies investigating (he markc 
of soybean based imitation meat) 
is of the opinion that natural steal 
produced by feeding animals witi 
soybean meal is only seven percen 
cfflcienl while soybean meal consum 
cd directly by its conversion inti 
artificial meat is 70 per cent. 

In 1971. meat from soybea 
protein and flavoured wheat wa 
served at a luncheon party a 
the Medical School of the Univei 
stiy of Alabama. U.S.A.. in Ihe forr 
of chicken salad, turkey, smoked bee 
sandwiches, spiced meal loaf an 
ausage. Food experts and media 
personnel who attended the part 
felt that as a food the vegetaria 
meat was almost a perfect imfts 
tioQ of natural meat in taste, consi: 
tency. chewabiliiy and smell. On 
advantage of vegetarian mea 


Vegetable meat 


making vegetarian meat. These pro 
lein materials, particularly soybean 
designed Synth.tic Alters which can ' can be converted into monoKlamenl 
be inserted in the nostrils without 
discomfort and would purge the 
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according to Dr. Vic Forelichcr of 
U.S.A. who arranged this luncheon, 
lies in its low saturated fat and 
cholesterol content which is highly 
henelicial to persons suffering from 
heart diseases and high Hood 
pressure. 

Vegetarian or plant meat is 
or two kinds, i.e, meat exten* 
ders end meat analogues. Meat 
exlendcrit are largely produced as 
flours and grits. Textured exten* 
ders ure also nowadays availahle 
and used extensively in chopped and 
minced form to produce frartkfutiers. 
Soybean exicndeu added to natu¬ 
ral meat hamburgers make it more 
palatable. 

Meat analogues are produced to 
substitute natural meat. They are 
usually prepared from vegetable 
proteins to rcNemhle specific meal 
texture, flavour, taste, tenderness 
and chew^abilily and to imit.ite 
chicken and turkey meat. beef, 
bacon, bitty, etc. In Japan, vegeta* 
rian meat from soybean, both in 
(he form of extenders and analogues, 
hnds wide use. Their production in 
1971 was about 27.700 tons, double of 
196^ piuduction. 

Meat'analogues arc prepand fmm 
soybean filaments. Oil free soybean 
tneal having protein cooicni as hrgli 
is 55 percent is first dissolved and 
Porced 'through fine orifice of a 
machine designed to spin ruyoo fib- 


:olouiless and odourless soybean flb> 
TS which are cut into suitable sizes 
md combined with other ingredients 
ike meat flavour and colour io 
mitate pork. ham. chicken and 
)ther meal products. 

One problem that is facing the 
yntheiic meat otaikct is the rising 

►rices of soybean. To overcome this 
iroblem, other suiiitble substitutes 
f soybean arc under study. Cotton 
red flour and rape seed flour are 
eing studied for their possible use in 
lace of soybean flour. They are 


rich in protein content and there 
K no reason why (bey cannot sub- 
.stitute soybean in the preparation of 
meal analogues. However, (hey have 
one major drawback. Colton seed 
flour contains one toxin glossypoI. 
castor seed contains ricin, ground¬ 
nut cake contains aflatoxin, and 
rape seed contains all the three. 
These toxins have to be removed 
before they are converted into meat 
products. Secondly, oilseed pro¬ 
teins arc not complete proteins hkc 
those of meat, milk or egg. They 
arc deflcfent in some of ilie essen¬ 
tial amino acids such as lysine, me¬ 
thionine and tryptophane. It is 
necessary to fortify the vegetable 
proteins with essential ammo acids 
in order to make them comparable 
to iinimal prulciiis. 

There is yet a*'oiher substitute, 


W ITH increasing environmental 
pollution, allergic disorders in 
huntan beings are also increasing. 
Allergy may be caused by chemical 
or physical factors, or both. Among 
biological factors, allergy caused by 
pollen grains and fungal spores is 
well known. Recent evidences h?ve 
proved that both aquatic and air 


allergic reactions in human beings. 

Algae belong to a primitive group 
of plants and resemble bacteria in 
their simpicsi type on one hand and 
on the other they show a degree 
of specialization which only falls 
short of higher plants. Some algae 
like giani kelps which grow in marine 
habitats attain a length of several 
hundred meters while the minutest 
algae may not exceed ten microns in 
diameter. These organisms exist 
under almost all conceivable habita¬ 
ts ranging from snow covered sur- 


i.e., alfa alfa, which is rich in pri 
teins and can be converted ini 
meat analogues. Tortula yeast is ai 
other substitute for soybean whi< 
is quite rich in protein content, (t 
high as 50 per cent) and is con 
paraiively much cheaper. Imiti 
lion meat from these sources ca 
compete well with soybean mea 
In developing countries like Indh 
vegetahfe meat holds a great promh 
as soybean, cotton and rape scec 
aic available in plenty for met 
making. Besides, many Indians wh 
arc vegetarian may enjoy the palatt 
bility of meat prepiirations withot 
violating their religious sentiment 

OOKULAISXNOA MaHAPATR 
Prafevser of Chtmisu 
RdH'mhaw CW/rg 
Cuttack 3 {Ormi 


face s ( Ancychntnut . Ank is (rotiaum. 
RaffhiJmiema. Scothth) to almot 
boiling water of thermal sprini 
{Aphanothae. Cahthrix. Mauig< 
FhurocQpsu). They dwe 
in sub-aerial, terrestrial and uquati 
habitats. Algae in general at 
photosynthctic. using solar ensrg 
for their life processes, but quite 
few of them are heteroirophs, i.e. lat 
king the contrivance of trapping th 
solar energy Monas. Fotyti 
mcita. Frotoih^ca). They occur wit 
other plants {Anabocna, C\'cadeQ* 
or animals {Zoochhrtltar, Zo 
xtmthelUif) or on other plant 
(Coioockaett. i rtntepohlia) an< 

u ni ma I s ( Ciadophora 

Some of them are even parasfti 
(Cephaiwos, Sifomatovarpus). Whil 
some algae have been agricultural! 
and industrially exploited a fe^ 
others pose problemiy particubrl 
in water works supply lines an 


res. This process gives rise to fine •* borne algae may cause many types of 


Algae cause allergy 
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ther water bodies. Quite a few 
Igae (Aphaniicmenon, Gymno^inumt 
Hcrocystti. Nottularia) have also 
eea shown to produce toxicity in 
nimals and allergy in hucnan beings. 

Jr borae dgaa 

Both terrestrial and aquatic algae 
ontribute to the populgiiun of 
ir*bome algae. The magnitude of 
tis contribution depends upon 
arious factors like cliraatk condi- 
ons, topographical situation, etc. 
i appears to be more pronounced 
\ tropical regions which have a 
efinite succession of hot, dry and 
el seasons associated with wide 
smperaiure fluctuations. In tropical 
>untrics like India, high tempera* 
ire. dry weather and strong 
'inds lift up the soil with the 
Igae crust formed on its surface, 
ligh temperature creates low pre- 
mre zone which in turn sets up 
eftical air currents enriching the 
ir^boriK algae flora. Drought and 
igh temperature also cause (he 
urination of special reproductive 
odies in the algae, which can easily 
ecomeair borne and remain viable 
>r a considerable period. Aquatic 
Igae growing in temporary water 
odies also become air borne when 
lie latter dry up. 

Algae growing in permanent 
^aier bodies like lakes, tanks and 
ta become air borne due to wave 
ctioo and splashing and bursting 
f air bubbles. Air bubbles burst* 
ig at the water surface have been 
ound to eject micro*aglae upto a 
eight of 13 cm to 19 cm into air. 
*his is further facilitated by the 
resence of higher concentration of 
licroorganisms in the surface films 
nd foam formed due to wave action, 
n additim, Uiefoam when battered 
giioit rocks by strong waves 
plashes algie into the air. 

Recently, work on air-borae 
llergenic algae has been initiated in 
Ddia, at the Department of Res* 


piratory AlWrgy and Ap^died 
Immunology of Vallabhbhai Patel 
Chest Institute, Delhi Preliminary 
observations on the distributional 
pattern of air^bome algae showed 
preponderance of blue-green algae 
(Anabaenc. Lyngbya, OscUlatoria, 
Phormidium), followed by green algae 
{Chhrtih. CMorococcwn. Semetie- 
smus) and diatoms. ExperimenU 
on clinka) implkations of these 
algae are in progress. 

Caem of aDergy 

As early as 1644. Johann Baptiste 
van Hclmont. a doctor and chemist of 
Brabant, recognised the importance 
of certain *air borne particles* in 
causing asthmatic attacks. Since 
then people have been increasingly 
realising the importance of the quality 
of inhaled air in human health. 
Pollen grains and moulds are well 
known to cause human allergy. In 
1666. J.H. Salisbury, an American 
scientist, identified algae borne on 
the air and classified them as 'disease 
producing algaloids*. 

Algal intoxicatiOD in animals was 
first reported in 1676 by C. Francis 
of Australia. He observed the 
presence of a fast death factor in a 
blue*green algae Sodularfc spumh 
gera, which caused unconscious* 
ness and rigid spasm in sheep, horses, 
dogs and pip. This was followed by 
a report in 1667 from E.D. Porter of 
USA that ingestion of another blue- 
green algae Cheotrichio pisum caused 
instantaneous death to cattle. Mor¬ 
tality in cattle has been reported 
when these animab drank water with 
a profuse growth of Aphanizommon 
/for-oqvr. Many more aipe like 
AruActna. Ckoti^spkaermm. Afkro* 
eystis,NoAdaria,Nastoc, OscUhtoria 
and Riyuhria. have also been shown 
to cause mortality in cattle and fish. 
The affected animab show symp¬ 
toms like partial paralysis, loss of 
balance, Ivrd stool covered with 
blood, reduced milk yield, pneral 


weakness, and photosensitization c 
akin. Resides, alpl forms like Bri 
cteococcus, CMortUa, Chiorcsarciru 
psis. Coityaulux. Gymi^inium. Per 
dinbitn and Prymneskm are als 
toxic. Members of family Oscilli 
toriiceae cause hay-fever like symp 
toms. The affected persons shoi 
blockap of nose, itching in eyes atv 
mild asthma within three hours afte 
swimming in a lake with a thic 
groMh of these algae. 

Contact with Anabaoena. a blue 
green alp. causes dermatitis. This i 
attributed to the phycocyanin pig 
ment of the alp. Conjuncliviii 
which is also caused by algae i 
attributed lo hydroxyls mine pro 
duced by the decay of alpl proteins 
Like blue-green aipe, some greei 
slgae {Chloreih. Scenedtsmus) als< 
cause bronchial provocations ii 
human beinp. 

Only recently, attempts have beei 
made to correlate the air-born 
algae and respiratory-allergy ii 
human beings. Algae like Anabaenu 
Ohpota. Microcyittix. OsciUoioria^rk* 
Schnothrix. isolated from hous 
dust samples were subjected (o cli 
nice I tests by Carlos Benaim-Pinfi 
of Venezuela in 1973 and enough evi 
dences were collected to implicat 
these forms in respiratory allerg, 
in human beinp. Respiratory dis 
orders in human beings are causei 
by both living and non-living alga 
,celis. Algae have been found U 
cause dyspnea, cyanosis, wheezing 
choking, foamy nasal discharp am 
simg^ pulmonary congestion to pul 
monary oedema. In children, inha 
lant allergy is caused by the alp 
forms like Bracteacoccus, Chloroxat 
einopsU, Hormidium and Necchloris 

The allergic reactions caused b 
different forms can be broadl 
grouped into following categories: 

(i) Gastfointfsii/tal. Vomiting 
diarrhoea, and thirst. 

(ii) Hepatic. Jaundice, photosensi 
tizaiion of skin, and hcpatosplenc 
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negftly with vtrying degrees of 
necrosis. 

(iii) ^nromysoitar. Spisois. twil- 
;hing and convulsions, weakness, 
incoordinatioa and paralysis, and 
lethargy. 

(iv> Respiratory. Mild lo severe 
lyspnea, cyanosis, choking, wheez- 
ng. foamy discharge from nostrils 

achypnea, coughing, salivation, pul- 


Killer sharks 


L osses of Uves at sea are often 
attributed to shark attacks. 
Phough some spedes of sharks are 
cnown to be killers, quite a few are 
mall, and rarely cause serious in* 
uries to man. Three species of 
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Fig. 1 . Tlie black shark (060rr). Th* 
white shark (krir^w) 





F%. 2. The dfie shark 



Fig. y. IV laaisa isa shark (oAuvr). 
TV hhw iihvi (kefow) 


monary oedema, poiechial and gross 
hemorrhages In the pareochyama and 
alveoli. 

(v) CardHh¥asaJar. Weak and rapid 
pulse, flaccid and dilated, heart and 
pallor and vasospasm of ears. 

S.K. Coo. 

Division of Mkrobicic^y 
Mian AgriaJiurat Researeh hsrifufe 

Sew Dethl-nOOf? 


in Indian seas 


sharks which grow to a large size, 
from 4.5-15 meters are corutide- 
red harmless to human beings. They 
are the whale shark (Rhynodon typus)^ 
the basking shark iHaiydrus sp) and 
the thresher shark {Atepias vuipinas). 
The whale shark is the biggest living 
fish and grows to a length of more 
than 12 m. It feeds on the planktons 
by filtering them out of the water 
through the gill raken. 

In India, there have occasionally 
been reports of loss of human lives 
owing to shark attack. Francis Day 
(IS78) reported a case of shark 
attack brought to the hospiul of Sir 
Joseph Fayer at Calcutta. The shark 
responsible for attack was the Indian 
sea shark {Charcharias gangeficus). 
The victim received serious injuries on 
his legs. A shark caught off Versova. 
Bombay, in 1973. showed human ske¬ 
letal remains when the stomach was 
cut open in the market. Species 
identificaiion of the shark was not 
established possibly because of its 
quick disposal. During the monsoon 
months of 1974 there was a report 
of loss of life of a fisherman who 
ventured out into the open sea 
during this period. The incident took 
place off Akppy coast in Kerala. In 
this case also, there was no identi* 
fkation of the species responsible 
for the aiiack. Correct Jdenii- 
hcation of sharks is fmportani for 

m 


preventive measures. Tliis is all 
necessary for conservation of thoi 
species of sharks which are not ban 
fill to man. The following are in 
portani species of sharks known i 
attack human beings and cause a 
rious ipjuries or even death. 

ChcrcharodoH (‘harrharias (Fig. 1 
ITiis is known as the 'white sharl 
and U the most dangerous. It has bee 
known to follow ships and is tl 
dread of ^ilors. It attacks on If 
slightest provocation. This species 
not represented in our coast 
waters. It is generally found in it 
open ocean of tropical countries ti 
eluding India. Some members beloni 
ing to the genus Chart horias found i 
Indian coastal waten are dangerou 

C'harcharias meianopterus (Fig. 
recorded from coastal waters ( 
Bombay grows more than 3 m i 
length. 

Charehariasgangetievs. The India 
sea shark is very aggressive and hi 
been known to attack bathers in it 
Hooghly at Calcutta. It has ah 
been recorded from Bombay Ihoug 
not common in Bombay water 
Rarely the shark has been 'know 
10 have carried away its victin; 
(Fig. 3). Some scienlisU are of \h 
opinion that the shark (C.gCAgerfcu 
may have acquired the habit of eatio 
the flesh of corpses thrown into tb 
Ganges after partial burning. T)] 
sharks have acquired the taste fc 
human flesh and have turned int 
man eaten. 

Gaiaeocerda cu'fieri also known a 
the 'Tiger shark*, has been recorde 
from Sasson Dock. Bombay. 1 
attains a length of 1.5m. A voraciov 
scavenger, it is known to attack me 
in shadow waters. The peculiar slrw 
ture of tooth of tfus shark makes th 
identification easy in case any toot 
ma rk is left oa the body of the victin 

The blue shark (Frionace gtauc< 
is another agjtressive shark know 
to attack men tn Australian water 
(Continued on page 36"/ 
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lEWS & NOTES 


'olyvinyl chloride 
and 

birth defects 

‘N a recent senate hearing on 
. carcinogetuc chemicals in Los 
ngeks. Dr Joseph Wagoner, 
director of Fieltl Studies of the U.S. 
lational Institute of Occupational 
afety and Health, linked polyvinyl 
hloride (PVC) to birth defects, 
kccording to his testimony, birth 
efects were up to three limes higher 
h&n normal among babies born in 
hree Ohio (owns where PVC. a 
lastic material, is manufactured. 
( may be mentioned that PVC has 
Iready been identihed as a possible 
aus3 of fiver cancer among workers 


exposed to it Dr. Wagoner*s (csti* 
mony indicated that (i) babies bora 
is the community—to all residents, 
not just to wives of tbt worsen 
iAvotved—were more likely to hive 
birth defects affecting central ner¬ 
vous system; the number of such 
cases was almost three times the 
normal proportion, (ii) wives of the 
workers involved were more likely to 
have miscarria^s. and the number of 


brain tumours developing in adults 
in the towns was three times the 
nonnal level, and (iii) the incidcM 
of cancel in PVC workers was 
49% higher than normal upto 
ID yean, alter exposure to the 
chemical and the proportion grew 
to 64% higher than normal after 
IS yean. 

Bkakii Datia 


Environment engineering —third 
national convention-1977 


I NSTITUTION of ftiWic Health 
Engioeen. India in collaboration 
with National Environmental Engi¬ 
neering Research Instiiuie, Indian 
Standards Institution. Deptt. of 
Science and Technology. Nationat 
Committee on Eavironmenlal Plan¬ 
ning of Coordination. Central Public 
Health Environmenial Engineer¬ 
ing Organisation. Water Pollution 
Control Board and other similar 
orpnisations is sponsoring the 3rd 
National Conventioit on Environ¬ 


mental Engineering which will he 
held sometime during January* 
February 1977. The venue is still 
to be decided. The topic of discus¬ 
sions will be Water Quality Manage¬ 
ment. The last date for submission 
of papers is Sept. I. 1976 
For details, please write to ShriS.K. 
Neogr. Secretary-General. Institu¬ 
tion of Public Health Engineers. 
India. 24. Netaji Subhas Road, 
Calcutta 700001. 


SCIENCE SPECTRUM (Continuedfiompat€J66) 


t is yet to be investipted whether 
his species is present in the Indian 
:>ccan also. It is diflkult to predict 
:he environmental conditions which 
induce sharks to attack man. Most 
)f tile recorded shark attacks are in 
tropical and subtropical seas. Tur¬ 
bid water is considered more danp- 
rous than clear water. 

There have not been many cases 
of shark attacks m Indian waters, 
much less than what has been repor* 
led from Australia or the United 
States. The reason may be that 
bathing resorts which ttiracl hup 


crowds are not as poputor in India as 
in these counines. With the develop¬ 
ment of tourism in India bathing 
resorts are likely to attract hup 
crowds. There is then the possibi¬ 
lity that shark attacks on unwary 
batlwrs may increase in India. In 
otlKr countries measures such as 
lookout towtra and meshing of bea¬ 
ches have been provided. Applies- 
tioD of shark repellent chemicals, 
such as copper acetate, has been 
advised. Recently wearing of stM> 
pd prmeots has been advocated. 
This U based on the fact t^^t 


sharks have seldom been known t< 
attack banded sea snakes. On thi 
preventive side, meshing is the bes 
method for protection from shar) 
attacks. Sharks forcing their wa 
through the mesh art unable to p 
out and are caught. The tidal inH 
uence and corrosive nature of th 
sea water make frequent replace 
ments of the meshing necesKary. 

M. AaviNOAKSHA 
Afar/rt# Bfoiofiy Divi 
Marine Fisheries Hesean 
Suh^StailM, Bombt 




A new 

ipproach to cancer 
chemotherapy 

A LL anii'cancer drugs sufler from 

X the dfaedvenuge of nut being 
>ecific towards ca icer cells. Recent 
:udies on cancer immunology reveal 
lat there ivt some anti^mc difTer* 
nces between normal and caitcer 
His. The antigens, called tumor 
^cilic antigens (TSA), are known to 
e presert on the tumor cell surface, 
antibodies (immunoglobulin.) to 
'SA have also been reported, but 
ue to the weak antigenic nature 
r TSA they fail to evole suffi* 
lent immune response which may 
!ad to the death of specific tumor 
ell. Seeing the ad'antage of the 
nmunological specificity of the 
jmor antibodies. It is hoped 
lat one could accurately deliver 
ome existing potent anti*canccr 
rug to the tumor site after tagging 
tern to specific antibodies. This is 
n approach which dates back to a 
ouple of decades and was used to 
estroy tumor grafts with Labelled 
ntibodies, althou^ the basic tenets 
f cancer immunology were not 
learly known at that time. 

The principle of affinity cytoto- 
icity (killing the cancer cells speci* 
cally) to tumors depends upon llv 
ffitiity of the drug-aotibody conju* 
ates (combination of the drug with 


the antiboc/y impe rti specificity 
towards s pdfticulae varietycf cancer 
cells) for t!ie cancer ceils. This 
can be brcMight *oto practice by the 
judicious u« of any of the four 
roeCbods, viz., (a) direct toxicity, 
(b) antigenic alteration to augment 
the immune response, (c) stimulation 
of cytotoxin (drug) uptake, and 
(d) enzyme amplified toxicity. 

By appropriate techniques, nitro¬ 
gen mustard (a group of anti^nrer 
agents) can be linked to antibody. 
Anti body'bound nitrogen mustard 

4 

is an example of direct toxicity. 
It has been established that proteins 
and polyamiQo acid hound nitrogen 
mustard exhibit cytotoxicity towards 
turner cells (/forure. 21S, 1303 1967). 
Furthermore, nitrogen mustard- 
antibody conjugates (a chemical 
complex of the drug and antibody) 
are capable of combining permanen* 
lly with the surface elements of the 
cancer ce.la. T. Ghosh cf the 
Faculty of Medicine. Dalhousie 
University, Canada {Br. Med. /, 
3. 495.1972; Canret. 29. 1394. 1972) 
and also other investigators {Eur. 
J. Cancer. 9. 741,1973) have reported 
that cholrambiKil <an anii'Cancer 
drug) and autibody in combination 
produced improved anti-tumor 
effect. This increased anii-lumor 
response may be attributed to the 
individual lethal effect of the drug 
and antibody or it may be due to the 
additive elfecC of both. It is also 
possible that the drug and antibody 
help each other in exhibiting increased 
lethal effect towards cancer cells even 
when they are given separately. 
However, major efforts have been 
in progress towards the preparation 
of stable drug-antibody conjugates 
in recent years. Evidence of in v/ro 
tumor suppression with covalent 
conjugates (chemical complex linked 
by covalent bond) of rabbit anti¬ 
tumor immunoglobulins (Ig) and 
an alkylating agent has been recently 
reported (Froe. Second Notional 
Congress of Oncology, Bucharest, 
1975). 

A significant developniecl in 


this direcuon ivoeotV been mai 
by C.K EowUiid and his aasoeiah 
of the Seafle Research {..aboratoriei 
Buckinghamshire, U.K. Overcomin 
the earlier problems, they hav 
used an intermediate carrier molecol 
(an Inert chemical used to link th 
drug) to heavily substitute it with th 
drug. This drug-ca rrier complex wa 
then linked with the immunoglobulin 
{Nafure, 255, 467,1975). Since poly 
cations (polymer with a net positiv 
charge) are toxic, a polyanion (poly 
D>er of glutamic acid having a oe 
rtegative charge)—poly L-«-gfuta 
mic acid (PGA) of molecular weigh 
35.000 was chosen as the intermedial 
carrier and p-phenylenediamin 
mustard (POM) with its free amin< 
group was selected as the drug 
They w^re then linked by means of ; 
suitable chemical reaction. Th 
PDM-FGA conjugate was furthe 
coupled to immunoglobulins from i 
rabbit antiserum against mous< 
lympho.na cells (EL4)-made specifii 
by repeated absorption with rorma 
mouse spleen cells. The linkage wai 
induced by a carbodiimide reactiot 
between free carboxyl group on th( 
dm? carrier (PGA) and amino acii 
group 4«f the antibody. 

The PDM-PCA-Jg complex wai 
now suijected to in vitro tests. The 
results mdicated that 66% of the 
origiOdianti-EL 4 activity was retain* 
ed in the complex with no loss 
of the specificity. The in vivo tests 
also showed that percentage survivals 
increased almost 1(X)% (for a period 
of 60 days). 

Thinking of human tumors, the 
major drawback to the use of 
animal Ig is its immunogenicity 
(capable of producing antibody 
against animal Ig in human) in spite 
of some df its thcoreticsl advantages. 
On the other band, if a drug is con¬ 
jugated covalently to human anti¬ 
body, there will eventually be anti¬ 
body formation to the drug or to the 
altered antibody molecule. There¬ 
fore. the time period in which a drug- 
antibody conjupte could be effective 
is limited to nof more than 10-14 
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lays. In view of this restriction, 
be dnig molecules which act 
tpidly to prodilce lysis of tumor 
ells are highly desirable. Further 
{udies In this di rect ion a re impe ra live 
0 obtain drug*aotibody conjugates 


of high clinical potentiality. 

PlfiiAM Rahi MjTtA 
Sanmp Najiayan Sinha 
Deportment of Btochemistry 
Um9eriUy Coifeze of Sdent;e 
University of Cokotta 


Vitamin C prevents rabies 


R abies, a dreadful viral disease. 

is caused by the bite of a veri¬ 
ty of animals: dogs, foxes, jackals, 
volves, mongoose, bats. etc. I>og is 
he most common culprit for spread* 
ng this infection. If a person 
>itten by a rabid dog is not treated 
mmediaieiy, the disease sets in. 
fhe human victim shows symptoms 
)f acute cncephatills and dies. The 
aclim experience^ a painful spasm 
vhcn he sees water. That explains 
vhy (his disease was once culled 
lydrophobia. 

Though un effective vaccine has 
xen developed against this disease, 
;ases of deaths due to rabies are nut 
uncommon. Deaths occur due lo 
nol Caking the full course uf vacci* 
nation after dog bile. 

The tiseful effects of vitamin C 
in developing body resistance to 


cold and in tissue h aling are well- 
known. In recent yiarx interesi in 
(he virucidal (virus ktlling) tciivity 
of vitamin C has grown. Its effec¬ 
tiveness in (he therapy of measles 
and mumps is also receiving atten¬ 
tion of scientists. S. Banic of (he 
Institute of Microbiology. Ljubl¬ 
jana, Yugoslavia {Nature, 25S, 
Nov. 13. 1975) has reported Ihe 
preventive effect of vitamin C in 
rabies infection. In his experiments 
conducted on guinea ptgs he has 
shown (hat rabies*infected guirtea 
pigs wIko treated with vitamin 
C survived in larger numbers than 
those whkh received no vitamin 
C. However, vitamin C did not 
have any therapeutic effect because 
continued treatment of paralysed 
animals did not help. 

Zaka Imam 


Correct constipation with roughage 


M edical developments of 
pervading importance which 
can greatly influence the health of 
humans are rare Sudt a dcvelop- 
ment could be the discovery that 
something missing from our diet 
is related to a wide variety of health 
proNema, viz., cancer of the colon, 
conitipation, Irritable coloii, tppen* 
dicitis. diventricuUr disease, heinof* 
rbokU, hiatus hernia, varkoee veins. 


obesity and possible coronary heart 
disease. The missing ingredient, 
dietary fiber. Ailed *'hulk or 
roughage.'* hardly sourtds Apable 
of being of such great importance. 

Until recently, man ate much fiber, 
which is the indigestible part of ^nt 
celt walls present m large amounts 
in grains and cereals. About the 
turn of the cenlury. the invention 
modem roller nulls made it 


possible econoiniAlly to remove thi 
outer husk of cereal grain kernels 
and with it the fiber, to produce i 
refined white flour. Thereafter (he 
fiber intake has been plummetiai 
and the present intake varies. It 
would be about one tenth of what il 
used to be in olden days. Corres¬ 
ponding with the decrease in (he 
intake of fiber, (he incidence of many 
diseases has shot up. Appendicitis, 
for examt^, became common only 
in (his century: h'atui hernia, only 
in the last 30 years and coronary 
heart divase was coruidered a rarity 
SO years ago. Rural Afrians 
living on native unrefined diets do 
gel infections, but eating unrefined 
cereal as a staple food they get 
about 25 grams of fiber a day, many 
times more then the average wester* 
ner gets and they are rarely afflicted 
by western diseases. Only recentl) 
this was recognized, partly by (he 
work of a group of workers led b> 
Denis Burkitt. a surgeon famed foi 
his descovery and cure of childhooc 
nneer named after him; Durkit 
Lymphoma. 

Though cancer of the color 
has become a scourge in westerr 
countries the second most commot 
cause of nneer deaths. aRer luoj 
cancer, cancer of the colon is ran 
inEaslAfriA. Annually, in the U.I 
about 300,000 appendixes are remov 
ed. but in Afrian villagers append! 
citis IS virtually non-existant. Diven 
tricular disease—abnormal outpou 
chings of the colon that can caua 
severe pi in and may require lurgery- 
is present in overone-third of Ameri 
can and other westerners abov 
40 ytara age but it appears to b 
absent in Afrinns. To prove thi 
further, the invesdgatom note' 

that as some Africans adopte< 
the western low-fiber diets, the inc; 
dence of western diseases roi 
sharply For example, the appended 
tomy rate increased more than 2 
limes between 1952 and 1969, and i 
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:9S6 came the first case of coronary 
teart disease, reported in East Afnci. 
n a 49 year old judge who had lived 
or 20 years on western diet. 

f4ow doet the fiber act? 

Fibrous food adds bulk. In the 
ntestinal tract they absorb water 
ind swell making the stools soft and 
large. This in turn prevents constipa- 
:ion with its characteristically stnall, 
liard, pebbly, slow^moving stools, 
f^ative African stools weigh as 
i>ucK as four limes those of wester> 
lets. Constipation is more than 
i nuisartce. as it leads to straining 
A'hich. in turn, leads to a series ot 
>roblems. Straining raises pressure 
n the colon, causing the outpou* 
:hing of diveniricular diseases. In 
iddition intra-abdominal pressure 
» also raised, which may push the 
aomach up through the diaphragm 
lausing hiatus hernia, with its 
lean hum. regurgitation of stomach, 
icid back-up into the esophagus, 
md burning pain in back of the 
>rcAstbon<. Raised pressure in 
he abdomen also cen be readily 
ransmitted to the leg veins, and to 
eins in (he artal regions, causing 
lemo/rhnids 

.'■fleer aitd roi^b^ 

Cancer of the colon is thought to 
esult from carcinogenic chemicals 
)roduced bv bacteria in (he bowel 
Vith small, hard, constipated stools, 
he bacteria have more lime to act. 
hereby concentrating the carcino' 
lens in the small >tools a ad rcuin- 
ng them for longer penod.s on the * 
ining of the colon where they act. 
roronary heart disease, a forerun- 
ler of heart attacks may be related 
tartly to the reduction of fiber in 
he diet. People on high-fiber 
I ices have lower blood cholesterol 
:vels and less cholesterol deposits 
n the coronory arteries supplying 
heart. There ii enough evidence 
9 show that restoring the fiber to 


diet can achieve remarkable results. 

In a study of adults and children, 
(he substitution with just two alicts 
of fiber-rich wholemeal bread for the 
same amount of while bread and the 
addition of about 5oz of fiber-rich 
bran a day led, within three weeks, 
to marked increase in stool weight 
and speed-up of transit lime, within 
end to constipation. Many hemor¬ 
rhoid sufferers have been relieved as 
stools have softened and straining 
has been eliminated. 

A few years ago. roughage was 
banned for people with diveniricular 
disease as it was thought to be 
irriiaiing. This has been revised. In 
a recent study about 90 per cent of 
patients improved with the inclusion 
of fiber in their diet. Many who had 
been scheduled for surgery no lon^r 
required it Similarly initable colon 
has responded favourably to a high- 
fiber diet according to British studies. 
Long term studies to find out the 
exact amount of dietary fiber requi¬ 
red for several probkms are under¬ 
way. but there is evidence that it is 
useful in combating obesity. Since 
fiber in the diet has to be cl^weiL 
it slows intake of food and as well 
limits it by increasing the secretion 
of both saliva and psiric Juice (hat 
serve to distend the stomach and 
produce satiety. 

Weight reducing. Dr. K. Heaton, 
doing pioneering studies on fiber 
and obesity, has observed losses of 
4.5 kg. 6.75 kg or more in persons. 


who simply regfbred fiber to the 
diets. Without paying any attentlo 
to either calories or to restrict foo 
intake. 

Mode of fibre usage in foot 
This can be achieved in several way: 
One is to use bran, the fiber-ric 
material removed, when fiour : 
milled. One can use naturall 
fiber rich cereals, such as oatmea 
Hand pound rke can be used, instea 
of machine-polished rice as in olde 
days. Seeds such as sesame, sur 
flower and some berries do provid 
fiber. 

Sources rtf fiber. A recent stud 
of more than 20 fruits and vegeta 
bks indicated them to 1^ valuable fc 
fiber content in the order: mang< 
carrot, apple, brussel sprouts, brittja 
cabbage, orange, pear, green beam 
lettuce, pea. onion, celery, cucumbe) 
tomato, cauliflower, banana, petal 
and turnip. As much as possibk 
fruit skins should be eaten for thei 
fiber content, it is important to not 
that although bran helps, it is nc 
the answer to the whole fiber def 
ciency problem. 

Full benefits of fiber accrue no 
from just ukirvg some bran one 
or twice a day. but rather fror 
eating more foods with fiber inta< 
in wholegrain cereals, wholemei 
breads, fruits and vegetables. 

R. Rachunathai 
Research Associat 
M. Medicai Cotieg< 
Nashrilie. Tenneisee (U.S.AJ, 


Bacterial pathogenicity 


I NVASION, aggressiveness and 
loxktty arc the chaiacteristics 
of bacteria] pathogenicity. Bacterial 
diseases are manifested by local 
mfiamtnatory and/or general toxic 
reactioitt. Some pathogenic bacteria 
elaborate potent toxins which da¬ 
mage the specific tissues of the sus- 
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ceptible host. For many of thes 
bautens the nature of the toxin 
protein and/or polysaccharide witi 
or without lipid, and their effect 
on the host tissues, have been esta 
blished. But the knowledge is in 
complete to explain the infiammator. 
and tissue damaging mechanism o 
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MEDICAL NOTE: 


tlw mfectivc proccu. 

Rcceatly, f«tho|eoicity of KAr*9 
ehoierae hu been cKpItined oa the 
phycKo-chemical |»t>perty of itf two 
meliboHtet — tDucoproteta aod/or 
DUcopoIysiGcharide, tad ooiHoaic 
UDiDonia Tine nRti' 

bolites by their easy diffusibitity and 
ton biodiDg capacity cstaWUh osmc^ 
Ik diflerences between the adjKeat 
tissue component! of the small bles- 
line causing abncnnil water and 
electrolyte movement through the 
|ut will into its Jumea. Oa this 
basis pathogenicity of some bacte¬ 
ria can be explained. Bacteria may 
produce exiracelluUr sJiine materiai 


which cao have toxic and immunoge- 
ak properties. Slime materials are 
:heinically mucopoly saccharides a ad/ 
jr mucoproteins Toxins of some 
bacteria are also considered muco' 
polysaccharides in naiore. Such 
nucopolysaccha rides or mucopoly¬ 


saccharides—aucoprotein complexes 
possess the cation binding cavity. 
Il it probable that under optimal 
coodilions these macromolecular 
lubataaces pass into the body to retch 
the specihc iksue sites where they 
hind with cations. Otmotk dilie- 
rtoces are thus established in the 
tissue. CoRsattoently. the water- 
electrolyte balance of the tissue cells 
is disturbed resulting in their disin¬ 
tegration. Depending upon the 
degree of damage* physiokgkil func¬ 
tion of the tis sues is impaired. This 
cytotoxk activity, along with the 
cheaoiactic. pyrogenic, immunoge¬ 
nic and lethal properties of muco¬ 
polysaccharides can satisfactorily 
explain the pathogenesis of bacterial 
diseases. Therapeutk adminii- 
tration of fluids and electrolytes to 
toxaemk patients not onif tniinfxins 
the water<lectrolyle balance of the 
tissues, hut probably also provides 


sufficient k&f for mucopolysaccha 
ride absorption in ordei to conserw 
tissue ions. 

The role of mucopolysaccharides ii 
the maintenance of water-elecirolyU 
balance iraide the tissue spaces and 
serous cavities is well-known. Theii 
role in the propagation of nerve im* 
pulses through participation in ionic 
transfer and regulation of water and 
inorgank ion metabolism has also 
been claimed. That at least some 
bacieriil ton ins are chemically 
mucopolysaccharides and/or muco* 
proteins* the above hypothesis can 
successfully explain the bacterial 
pathogenicity. 


K.N. Nbooy 
Associaie Professor d HeadiRetired] 
Deprr. of Bacieriolog^ 
Schooi of Tropical Modicins 
CaJcufto-TOOOJH 


Cardiac output 


H OW much blood a h uma n heart 
pumps ID the life spun of a 
nao was discussed by two authors in 
^pril 1^76 issue of Science Reporter. 

T.S. Gill on page 23S has men- 
ioned that a human bean pumps 
early 335.000 tons of blood in 70 
ean. Shri S.L. Saha oa 253 
AS said it is 150*000 tons in 60 
ears. Dr. OiU has wriBen to us 
hat be has taken data from tim 
'•ew Rook ^ d^kysiolcgy by W. W. 
ottle and B. A. Scbottelnin, p. 244 
foot oote). Shri Sahi quotes 
dodern Hymm Rhystology, p. 357, 
y Dr. Chakriborty. New Book 
ttU* C^lcum. He ako refers to the 


book by Boris Sergeer. MIR Publi¬ 
cation, Moscow, (p. 137). whkh reads 
that **during a life span our Mart 
pumps 150 to 250 thousand Ions of 
blood.** 

* 

The variation in figures given by 
two authors can be explained. The 
number of heart beals per minute 
generally is 70-72. The amount of 
blood pumped out from a human 
bean varies from 60 lo 110 ml per 
heart beat. Taking the different vari¬ 
able figures such as heart beat per 
miniite aa 70 or 72* aod tim cardiac 
output as 60 or 110 ml we get 
dsffeiefit figures for the total amount 
of Wood pumped by hearf in 60 or 70 


years. Taking heart beat per minute 
as 72 and cardiac output as 110 ml 
per beat, the blood pumped out by 
the heart during 60 and 70 years of 
life span amounts to about 267.42C 
tons and 312,091 tons respectively. 
Similarly, taking heart beat as 70 
per minute and cardiac output as 
70 ml per beat the approximate 
quantity of blood works out at 
195,000 tons in 70 years. 

The figures given by Gill and Saha 
arc therefore within the range bui 
not matched to the parameters such 
as heart bea t per minute, cardiac out¬ 
put per heart beat and the life ipto 
for which them figures are given. 
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How headlights of a vehicle work 


H ave you ever seen the blinking 
lights of a vehicle on a 
highway'/ Or, hive you been hlinded 
by the glaring headlights of a passing 
vehicle? Only on occasions (he 
vehicular lights appear lo blink or 
glare; (he lights, otherwise, appear 
normal to eyes. 

Is there ^ny correlation between 
ihe blinking, glaring and the vision- 
power of tlw headlights? There is a 
correlation it is the special make of 
these lights The pnru, vie., (he bulb 




and (he reAec(or. used in it rieed 
same undersianding. 

We know how an ordinary incan¬ 
desce n( bulb works. U is a glass 
bulb evacuated of air. filled with a 
neutral gas or a gaseous mixture of 
nitrogen and argon at a low pressure. 
Inside the bulb (here is a ghss mount 
on which is fixed a coiled blament 
supportedby (hick wires(Fig.l>. The 
filament is made of tungsten which 
has a high melting point and so can 
bear a temperature uplo BOOO^C 
It is connected to an external circuit 
via two lead-in wires. They denote 
the two points of bulb which are in 
connection with the external circuit 
when the bulb is inserted in a socket 
<of scrcw-type or two-pin type) 

The property of a concave reflector 
found in a headlight is to focus 
light, and vice versa. For instance, 
if a beam of light paralled to its 
axis |Flg.2(a)] is incideni upon it. 
all the rays converge lo one point on 
its axis called fccus. However, 
convergence on s point is an ideal 
case. In practice, all rays do not 
arrive at the focus, some fall short 
of it while others go beyond it. This 
defect is known as spherical aberra¬ 
tion. It arises because light is inci¬ 
dent at a slightly different angle for 
every zone of the reflector. To 
eliminate (his defect, a paraboloid 
reflector, ^hown in Fig. 2 <b). which 
converges the rays to a single point 
is utilised. It is so shaped that for 
Us every zone, the light parallel to 
Us axis is incident at the same angle. 
The converse of focussing is also 




Ma. 2 (c) 


true: that a point of light placed i 
the focus of a paraboloid mirror 
turned into a beam of parallel ligl 
rays. It, in case, the point source < 
light is placed slightly away from th 
focus, the reflected light rays will nc 
be parallel to each other {Fig. 2(c)] 
the light beam would be scatieret 
•od the intensity of the beai 
reduced. 

In a headlight, the bulb is of a sp 
cialtype. It has two coils of fllamen 
each connected separately to an e’ 
teroal circuit by tneans of two paii 
of lead-in wires. The fUamcDt2 (Fij 
3) has a silvered screen attached. Ii 
function is to divert the entire liglt 

emitted by the filament to one sid< 
If the bulb is attached properly i 
socket, the plane of the screen bt 
comes paralkl to the horizontal plan 
and the filament 1 assumes Ihe pos 
tion of the focus of the paraboloi 
reflector. This reflector is made c 
steel, coated with a thin hiyer c 
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luminiuni, to refkcl almost 19% of 
\t light iocidcQt upon it 
Wh;n a vehicle driver has to see 
kr ahead, he pushes a button that 
ght$ the hlameni 1. Being at the 
>cus, the reflector reflects the light 
i a beam paralle] to the axil, i.e., 
xaighl ahead. Such a beam blinds 
ny one on the street or the 
river of vehicle coming from the 
le opposite direction. As this 
lay cause an accident, (he light is 
sed only on lonely highways. When 
riving through streets in the city, 


from OIK filimeni to another (Fig. 4), 
Another factor whkb a keen 
observer might have noticed is that 
whereas (he headUghli illuminate the 
front of the ear as well the light 
cooing from a torch, similar in 
construction, does not illumioalc its 
surroundings. This is because of 
the diffusing power of the glass 
used in headlights to cover the bulb. 
Because of its shape, the glass not 
only refracts the li^l incident upon 
it to various an^s but also directs 
it forwards. 


harmony therc-a definite order 
Look at a beaujfut flower Then 
you will also And an order in ih( 
arrangemeni of seeds and of petals. 

Before looking at the order of thi 
arrangemenu of leaves or petals i 
is necessary to have a discussioi 
about two important malhematica 
topics—Fibonacci series and thi 
Golden ratio 

Flboued eerles 

Fibonacci series goes after ihi 
name of a famous Italian mathe 
matkian of thirteenth century. Thi 
series runs as follows: 

0,1, 1,2, 3. $.«, 13.21,34, 55.K9.. 

Each term of this series is obtained 
by adding its preceding two terms, 
(via. 041 * 1 . 1 + 1*2. 1+2-3. 

13+21-34) 

It has niso other characteristics 
If o, b and c are three consecutiw 
terms, the difference of a, c and h 
would be unity (viz.. 1 

5.l3-«8<-]), 

GoWeo ratio 


driver makes use of filament 2 of 
K headlight. For one thing, the 
[ament is not at the focus of the 
;flector. and secondly, it has a lil- 
ery screen. $ 0 . the light beam is 
^fleeted on to the ground directly 
head of the vehicle. The light does 
ct fall directly on eyes and appears 
lOrmal to a bystander. The head- 
ghts appear to blink when the 
Iriver of the vehicle switches over 


Mathematics 

F you are asked to construct a 
rectangle, you would draw a 
eetangk of any shape, but if you 
re asked which one is most p1^B> 
Qg to the eye, you will undoubtedly 
hooae a rectangle whose sides ratio 
ary from I ri to 1:2 or, more precisly, 
fon 1:1.5 to lrl,7. ff you look 
t your window picture frames. 


For the correct beaming of light, 
the bulb needs correct alignment in 
the socket There always arises 
some difficulty in fixing a rww bulb 
when the old one fuses. To save 
one from this trouble, nowadays 
headlights are fabricated as a 
unit, and so the entire unit has 
to be replaced when ihc bulb 
fuses. 

Diua M. Salwi 


in nature 

tables, books or even at your pilbws 
you will find the same ratios. Look 

at tlw arrangement of Waves on the 
stock of plants. You will discovert 

I-:- 

1. Getawira 


This ratio was known to Grce) 
geometers about a couple of thousanc 
years ago. If a straight line is divider 
internally into (wo segments (Fig. I 
0 and b such that 0 : fi- 0 +fi ; 0 
the ratio j: 6 is called Golden ra(i< 
<p. U can be shown easily that ^ 

isequal 10 

its decima 

expansion comes out as 1.61803391 

. This ratio has a feature o 

its own. The reciprocal of <fi i 

.61803394. ^ is the only poi^i 

tive number that becomes i(s owi 
reciprocal by subtracting I. A reel 
angle with sides' ratio same as ^ i 
known as golden rectangle, whic 
seems to be the most picasin 
rectangle to our eyes. 
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Now let U8 turn our eyei to « 
lAlk of a ptonl—on (he arrangement 
f lea vet or budt on a stalk. Suppose 
'e mark a leaf near the bottom of 
stalk, (on which there is a single 
af at any one point) as number 0. 

count the leaves up the stalk 
ntil we come to a leaf which is 
irectiy over the original one. Sur- 
risingly, we will get a number which 
one tenn or the other of the' 
ibonacci series. If we concentrate 
urselves in noting the number of 
mes we revolve (clockwise or inti* 
lockwise) about it, we would 
nd to our great astonishment that 
lese numbers are also some terms 
r the series. If n be the number of 



leaves and if m be the niunber of 
revolutions in winding about the stem 
clockwise, it is fout^ that tt^m 
revolutions are Decenary to nuh 
that nth leaf in aotidockwiae fiahion. 
This arrangemeBl is aOed n/m spiral 
amngemeQt. Id $12 awl B/5 spiral 
arriBgemenu the 3Ui and 8tb leaves 
come just o^r the leroth leaf rea> 
pecdvely. And to reach those leaves 
we have to rotate ^2 or 5-2 («3) 
tunes in the first case and 5 or 8^-5 
(«*3) times in the 2Dd case. Dilbxtat 
arran^fflenls like 15/8 or 21/15 can 
be observed in a wide variety of 

plant growth (Fig. X). 

Let us consider Che ratio of any 

term o( the Fibonacci series to its 
preceding term. The first fourteen 
A 


ratios can be written as: 


uTm*i 


3. 3/2^1.500000 

4. 5/5» 1.666667 

5. 8/5«l.6000{IO 

6. 13/8*1.625000 

7. 21/15*1.615385 

8. 34/21*1.619048 

9. 55/34>= 1.617647 

10. 89/55*1.618182 

11. 144/89*1.617978 
11 233/144*1.618056 

13. 377/233*1.611026 

14. 610/377*1.618037 


It IS seen that both the c^^un 
a^iroich the golden ratio I tha 
it would not be much arrooeoi 
to conclude that nature bast fisse 
nation for this beautiful ratio d* 
GoUa rectangle mi la^ntthM 
ipM 

To appreciate the beauty, i.e 
tlK order and harmony in the bi 
guage of mathematics of a fiotts 
we have to again turn back to tb 
gokkn ratio f PoeU and natun 
srorshippers may banter at us. >U 
,ua consider a rectangle, the ratio c 
length and breadth of which is ^ 
We will call it golden rectangle. 1 
we cut a squire from one and tb 
remaining rectangle would a^in b 
a golden rectangle. Figures 9hlO^ 
F B 


circular arcs DF. FH. HK. KM.... 

with E. G. 1, L_as centres res 

pectively, we get a continuous curv 
DFHKM... .like a spiral—we oil 
it logarithmic 5}»ra). The spin 
ends at a point which is tbe inter 
lection of the diagonals AC ant 
BE. The question of the curve ii 
polar co-ordinate is f *Io^r. when 
'a* is a constant of a partic^r curve 
The logarithmic spiral is the onij 
type of spiral that does not aher ii 



the continued division of each re< 
tangle into a square and i new go! 
den rectang^. Now if we dra> 
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bApe as it grows, a fact thAt explaioa 
rhy is it so oftea found in oatore— 
\ tbe arraogeiiKOt) of seeds ia 
owers, in the sbelis.or snails and 
iher animals and even in ‘certain 
uts of marhles. 

Here we will discuss the arrange- 
sent of seeds in a sunflower. If 
K look closely at the seeds or an 
nlarged photograph of a flower 
lead we will see that the seeds are 


arranged in ^irab—bprithmic 
spirals—aduch cocniog out from the 
centre end in the contour, unwind¬ 
ing both clockwise and antklock 
wiv. Dcuiled study would show 
that number (Fig.4) of clock¬ 
wise spirals and the number of 
anticlockwise ^rals are succe¬ 
ssive terms of a Fibonacci series. 
Here again we approach the golden 
ratio ^ simply by divtsioo of these 
ttumben. 


Tbe normal head—5 to 6 inches 
in diameter^contains 34 spirals 
unwinding in one direction and 55 
spirali unwinding in the other. 
Abnormally large heads have been 
grown with 144/89 com hi nation. 
The ratio is 1 . 61 7978-a number 
which approaches very near to 4 

So much is the relation of Fibonacci 
series and golden ratio 0lo nature. 

Piur K S(iM 



T he African bird ostrich is the 
largest living bird. One bird 
tveighs about 300 lb and is 8 ft high, 
ft also produces the largest egg, of 
ihe sixe of 7S cm (without the size 
of the shell), weighing about 3 lb. 
The ostrich cannot fly. but can run 
St a speed of 40 m.p.h. It has only 
two toes while other birds possess 
four toes. 



N Ol all flowen answer poet’s 
idea of tenderness and softness. 


Consider, for instance, the flowers 


Of birds and plants 


of A^tsia. Raffltsia flowers are 
the largest in the world, are weigh¬ 
ing 10 kg and are $0 70 cm in dia¬ 
meter. It takes about one and half 
years a flower bud to open, but the 
flowers are ephemeral and decay 
within 2-3 days. They smell like 
putritied meat. The only vegetiiive 
organ possessed by such giant size 
flower is a thread-like mycellial 
haustorium which penetrates the 
host’s body. 

Raffltsia is a root parasite and a 
native of Java. 



or honey glands pointing down¬ 
wards. Insects are attracted by ihc 
smell of the honey or by the bright 
colour of the pitcher which may be 
red, yellow, purple oi green. In¬ 
sects slip down due to slippery inner 
walls into the liquid at the bottom 
of the pitcher. The insect cannot 
escape because as soon us it enters 
the pitcher (he mouth of the pitcher 
is immediately closed by the Hd 
The plant absorbs the insect. 



A plant which is native of Brari 
and belongs to the lotus faimit. 
has leaves of enormous size. Vii 


T he king of the carnivorous 
plaou, Ntptnihts os pitcher 
plant. swaQows and digests its prey in 
a strange manner. Leaf tips become 
tong and develop a pj(cher4ike 
structure with a lid over the mouth. 
The lid 1 $ projected and edges of 
the pitcher are curved inwirdi. At 
Uk mouth of piuher ara many bain 


toria regia, or the giant water lil) 
has floating leaves which are abou 

two meters in diameter. They loo 
like large dishes on which you ca 
lie down comfortably. Edges c 
the leaves are turned upwards (o 
height of several centimeters. 
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Fun 

with geometrical 
figures 

r OPOLOGY is a new branch of 
geometry which has entirely 
cen discovered in the present cen- 
ury. In it, we are concerned with 
'te properties or geometrical hggres 
/hich are invariant by the gradual 
hange in shape and siit. Though 
. includes many thirtgs and has been 
ehned in many difTerenc ways 
is now generally considered as 
ite study of cojttinufty. The gen« 
selrica) hgures which can be drawn 
nd which cannot be drawn in one 
ontinuous move, i.e., without rii- 
ina the pencil and without traversing 
he same lirte again, follow ceruin 
ules. 

Observing Fig. I we find that two 
ines meet at vertex l,5»ld» 4t 20; 
our lines at vertex 2.3A6.9,]0,11.- 
2.15.17,18 & 19 and six lines at 
.8,13 and M. Hence, we can 
onclude that even number of lines 
leet at each vertex. The same is 
he case in Fig. 2. 

Such figures, which have all even- 
ertices (i.e.» vertices where even 
lumber of lines meet), can be drawn 
1 one continuous move beginning 
rom any vertex. 

Now consider Figs. 3 and 4 which 
lave only two odd-vertices 1 and 2 
i.e.. vertices where odd number of 
ines meet), other vertices being 
vcn. Each of these figures can be 
Irawn in one continuous move if the 
tart is made from any odd-vertex, 
t is not possible to do so if the start 
^ made from any even-vertex. 

A geometrical figure may not have 
single odd-vertex (Figs. I& 2), but, 
r there are odd-verticcs in it. they 
oust necessarily be in even numbers. 
)n the other hand, the number of 
ven-vertices can be even or odd. 


t 2 3 « 5 
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fn Figs. I & 2. the number of even- 
vertices is even, and in Figs. 5 A 6 
they are odd. There are also geo¬ 
metrical figures IQ which number of 
even-vertices is oil as in Fig. I. 

If the figure has odd-vertices in it, 
the minimum number of continuous 
moves required to complete it will 

SH 


always be kss if the start ismadefros 
any odd-vertex. Moreover, if th 
start is made from any odd-verten 
it will get completed on any othe 
odd-vertex. 

The number of odd-verticei in 
5gurd determine the minimur 
{Continued on page S2S 
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Electronic torque wrench 


W RENCH is a mechanical 
device Tor ti^teoiog bolu in 
mechanical structures. With torque 
wrenches controElecI amount of 
torque can be applied to bolts. 

__,^v. -« 


Ekctronic torqoe wrench provides 
higher precision than mechanka] 
torqiK wrenches. Tbis is osefuJ in 
the held of aireraft fabrication, 
wiKre torque control is of prime 




¥= J.. 


V:-- 


v 




.. ..V 






importance in ensuring the opiimum 
performance of (he structure. 

In Ibe electronic torque wrench 
developed at National Aeronautical 
Laboratory (NAL), Bangalore, the 
torque level is sensed through a bonded 
strain gauged member and (he signal 
processed with an I.C. type signal 
conditioner. The device is energised 
by rechargeable cells having a duty 
cycle of 8 hours, thereby making it 
portable and convenient to operate 
in workshop The signal conditio* 
ning unit and (he cells are housed 
within It^ frame of the wrench itself. 

The torque level can be foreset 
with the help of the graduated dia) 
on the wrench. When the output 
of the signal eonditioner correspon* 
ding lo the applied torque stlains a 
particular level determined by the 
preset, a light emitting diode on 
the wrench gives an indication. 

Strain gauges manufactured with 
the laboratory knowhow have been 
used in the sensing element. 

Such an electronic wrench has 
been developed for the first time in 
the country. 


Cardiac monitor 


T he Central Scientific Instrumenu 
Organisation, Chandigarh has 


fhdjmk 


J. Organisation, Chandigarh has 
develop^ cardiac monitor for conti- 
nous monitoring of ECO waveform 
«od heart rate of a patient. A pacing 
unit is incorporated for stimulation 
of heart in case of complete or 
partial Itfart block. 

The E-C.O. waveform is displayed 
OD a long persistence flat-faced caiho 
de ray tube screen and the heart 
rate in beat> per minute on a meter 
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npul ImprUcni'e 

;*MKR (Common MoOe RcKCiiun Rtiiu) 


Iwovery linie 
fTcqoency ic^ponv 
Xflcclion v«nMhvM) 
4««r( ri(e uniK 
\v<makcr 


lO M ohmt 
M)000 I 

(wi(h 5 K ulims NOurcv impedcmx ud* 
bsbnce^ 

4$ectftppn«^. 

0.1 HZ102MH9 

0.5 cm per mV to 2.S cm mV ' 

0*200 hetu per mmuie 

CufisUni cutrefti. demiind. imcrmi type 

1*20 mA 


og!*insl high vuliage counter shock&l 

The pacing unit provides electrical 
stim;jUtion to the heart when inirin* 
SIC pacing of the heart tails. It can 
be operated non-synchri«nously as 
well. Internal electrodes are to be 
used for stimulaiiun. The pacing 
rate and intensity can he adjusted. 

Output sockets for difibrillator 
synchronisation and recording are 
provided. The instrument is por¬ 
table and mains/balie^ operated. 


conservancy system where the night 
soil is collected from pail type of 
latrines. Night soil thus collected 
is disposed of by dumping or tren¬ 
ching causing in most of the cascK 


environmetUdl pollution and spree 
of diseases. Dry conservan 
system, though not desirable com 
deriog the aeitbeuc aspects, is like 
to continue in majority of villag 
and towns in India for the comii 
2-3 decades, as the water carriaj 
system is very expensive. The Natii 
nat Environmental Engineering Ri 
search lasiitute (NEERl), Nagpi 
took a realistic approach to ll 
problem and conducted researc 
on various aspects of night so 
digestion. 

Night soil digester is a masoni 
structure partly above and parti 
below the ground with a floatir 
dome at the top to collect the gi 
generated in the digester. There 
provision in the digester to feed nig) 
soil slurry and withdraw the digeste 
sludge and supernatant. NHERI hi 
fabricated a night soil digester whic 
can be constructed and run econc 
mically for a population of 250 c 
more, provided the gas is utilised i 
the vicinity of the digester withou 
expensive distribution system. 

A demonstration night soil dige: 
ter it put up by NEERT at tti 
Central Prison, Nagpur, to demon 
trate the technique of total recycl 
of the human waste. 

Night soil is homogenised into 
slurry of about 6*8 per cent tot; 
solids and fed into the digeste 
The organic loading in the digeste 
is about 0.8*2.2 kg VS/m^dai 
depending upon the temperature c 
the place. Once or twice in a weel 
the digested sludge from the nig> 
soil digester is withdrawn on to 
sludge drying bed. for dewatering an 
drying. The supernatant of th 
digester and thy underflow of th 
dr>'ing beds are further treated in 
stablisation pond 

About 0.025 mVeapita/day o 
ps with 60*65 per cent methan 
content is produced in the digeste; 
The gas has a calorific value o 
4713 kilo calories/m'. The gas ca 


rair 50 w 150 pulw pti minute 


Lower and upper Ihniu for (he heart 


rale can be set. An audio-visual 
ilarm gets initiated, if any deviation 
from the set limits occurs. Trigge* 
red sweep ensures highly readable 
meaningful display. One mV signal 
iource IS provided for easy calibra¬ 
tions. The? E.C.G. sigmil picked up 
>001 th.' patient with usual E.C.G. 
•ledrods is fed to an amplifier 
laving a high input impcdencc. a 
iigU mdse rejection and protection 


Night soil digester 


I N India, water carriage system 
is provided only for about 8 
>;r cent of the population. Major- 
ty of the urban, semi-urban and 
ural c<»mmunjly is having dry 
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jENETIC ENGINEERING (Continued from page SJS) 


toisibly spread Co CKe population at 

arg^ 

United States has already taken 
)recautionary measures to safeguard 
esearch in genetic engineering. A 
ligh level committee, comprising 
leven outstanding biologists, on 
ecombinant DNA molecule has been 

4 

brmed to scw guidelines for all 
uture genetic experiments. In a 
onfereoce held last year at Pacific 
}rove, California, the Committee 
Irafted the fotbwing points: 

t. Complete stoppage of con* 
tniction of new bacterial plasmids 
vhich could carry combinations of 
ntibiotic resistance or toxin charac* 
eristics no t found in na lure (plasmids 
re cxtrachromosomal hereditary 
articles containing DNA). 

2. No synthesis of recombinant 
lolecules containing DNA from 
nimal viruses particulaHy oncogenic 
r tumour causing viruses. 

Taking a preventive approach, the 
ommittce biked for a deferat of 
hese VMo types of experiments with 


the greatest potential hazards. 

OtM major and serious objection 
is purely biological in nature. The 
beauty of this world lies in the diver* 
sily of forms whether that be a plant 
or animal or human being. There is 
a great ecologkal impact on balanc¬ 
ing the individual potential, in the 
society or habitat, due to this Intrin* 
sk and inherent diversity. Besides, 
the total survival value is increased to 
a greater extent due to this diversity 
and this individuality must be main* 
tained at any cost. Indeed, there is 
an actual danger of wiping out 
completely of any 'perfect* or *engi* 
neered' form of plant or human 
beings just with one stroke of envi¬ 
ronment if these turned out to be. at 
any stage, not in harmony. At that 
time, t^re may not be left even a 
s'pgie "seed'* to perpetuate that very 
fcTin- 

So what should be done? The 
agoriiziOg moral questions posed 
by almost all subjects of genetic 
engineering has divided the scientific 


be utilised for cooking, lighting o 
as a motive power. The dried sludg 
cake (moisture content about 20 pe 
cent) is ricli in nitrogen, phosphoru 
and potassium. It is a good organ! 
manure and a soil conditioner. Th 
effluent from the stabilisation pom 
can be profitably utilised for irriga 
tbn or pisckuUure. 

Night soil is a carrier of pathogeni 
organisms and thus indiscriminat 
disposal of night soil causes soil an 
water pollution, spreading waiei 
borne diseases. Night soil treated i 
the digester renders the digested 
dried sludge and the siabilisatio 
pond effluent harmless to thecommu 
aii>. The total recycle of huma 
waste minimises the spread of disea 
ses and brings revenue to the commu 
nity in the form of fuel-feed-ferti 
liter. 


community. Dr. Robert Sinsheime 
of California Institute of Technology 
U.S.A., is of the opinion that ihoa 
who oppose genetic engineering "ar 
not among the losers in the chromo 
somal lottery that so firmly channel 
our human destiny.** Dr. Saivado 
Luria of MIT, U.S.A., a Nobel Uu 
reaie, takes the opposite viewpoin 
"we must not ignore the possibilit; 
that genetic means of conlrollin, 
human heredity will become a massiv 
means of human degradation*'. I 
is probably unwise and perhap 
impossible to barricade any street o 
scientific enquiry. But it must b 
done with great awe, prudeno 
and caution especially humai 
heredity. 

Further reading 

I, Cohen. S.N., Amer.. 233 
24 (1975), 

2- Grobman, A.B., Soriai JmpUca 
tions of Biohgica! Education 
National Association of Biology 
Washington (1970). 
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fHORIDM : PHYSIC0-CHEM1« 

:al properties of ns 

:OMPOUNDS AND ALLOYS 
Iditor O. Kubaschewski. Special 
ssut No. /nternaiiona! Atomic 
Energy Agency. Kartner Ring, II P. 
). Box 5^, A-10) I Vienttf, Austria, 
*p. 244, US $ 15.00 (£ 6.20; Dm 
4.50) 

HORIUM h of special interest 
to India because of iU link 
nth the nch rnonozite sands whkb 
re abundantly available in the 
outh and in other parts of (he 
oumry like Bihar. Thorium is 
ibUirKd as a byproduct of (he 
x(raction of both rare elements 
from monazite sands) and unoiura, 
nd the increasing use of these 
latenals will continue to keep 
honum production well ahead of 
onsunption. According to one 
f the authon of (his monograph, 
he available thorium supplies are 
stimated at 0.5 million tonnes and 
iferred stock over double (his 
mount, compared with the cumu- 
uive usage of thorium upto* (he 
ear 2000 A.D. of 40.000 to 80,000 
>nnes. 

Discovered in 1828, (horium is 
istribuled in the earth’s crust to the 
Mrnt of 15 parts per millioa. The 
oteniially targe use of this element 
1 reactors arises from the fact that 
h^* (the only isotope found in na- 
jre)can absorb neutrons to produce 
te tissilc making thorium 

n in a breeder reactor. U 

js been suggested that during this 
ecadc high-iempcrature reacton 
'ill use UC|-Th C| or UO|-Th, 
articles costed with carboo/silkco 


carbide, dispened in a graphic 
matrix and cooled by helium, as 
shown JD tlw DRAGON, (OECD), 
Peach^BottoD (USA; and AVR 
(FRG) reactors as well as the larger 
530 MW VralD 300 MW THTR 
reactors. 

To work on such projects and the 
still more complex and sophisticated 
rcacton of the coming geiwration, 
it becomes necessary to study the 
characteristics of thorium in delail 
and in depth. This monograph like 
its four previous ones (on plutonium, 
niobium, lanialum aikd beryllium) 
attempts to meet (be demand for 
reliable thermodynamic and kinetic 
data. Such critical data are not 
necessarily those that come closest 
to the true values, but raiber these 
that produce a consistent picture of 
the physKo<hemical properties of 
chemical substances. This demand 
pertains partkulariy to (he thermo- 
chemial properties and related phase 
boundaries, which are to a large 
extent interdependent. Here the 
special issues are concerned with 
(he critical evaluation and docu¬ 
mentation of thermodynamic pro* 
pertiea. densities, crystallognpbic 
structures, equilibrium diagrams and 
diffusion rates in the condensed 
states. 

All the five contributors are scien¬ 
tists of high iniematioftal standing 
from UK. USA, Feckrai RepubUc 
of Germany, Italy, and SwiizerUnd. 

As a painstaking and laborious 
work, this is an excellent compilation 
on the thermodynamic properties 
of thorium covered by tables, dia¬ 
grams and exteosive references to 
the data presented. 

Having devoted so much time, 
energy a ltd talents for this collation, 
an index at the end, even of a con¬ 
densed nature, would have been 
very useful. 

S. K. Ghaswala 


MODEJtN FHYSteS (Aleak and 
Nndsv) by $.L. Kakani. H.B. 


Saxena and P.C Jain, T^e Stu^ 
Book Co.y Jaipur, 1975, Pp. 28* 
Ri. 11.50. 

T he new developments in pbysii 
which have occurred in tt 
twentieth century are usually groupe 
under (be title modern physic 
Any book which tries to preset 
these developments, viz., relativit; 
quantum mechanics, nuclear ph: 
sics, etc., in a ludd manner is ver 
much desirable, particularly so, 
the book is written for undergraduai 
students. The book under review 
an attempt In this direction. 

The book has been divided int 
two sections; one containing brie 
chapters on relativity, quantui 
mechanics, X-rays and lasen; th 
other deals mainly wiih nuclear an 
particle physics. However, thei 
does not seem to be any logic t 
divide the book in such a mannei 
ap^died fields like X-rays and lasei 
should not have been bracketed wit 
the purely theoretical chapters o 
special relativity and wave mechanicj 

The book starts with a chapter o 
special relativity. The authors t% 
plain in a very brief manner th 
significant developments which too 
place in it. They have been able t* 
introduce concepts like Lorent 
contraction in a fairly simple wn> 
It U good that they have not endea 
voured to include general relativity a 
this level. There are also a large num 
ber of worked-out examples which 
it is hoped, will definitely make th 
concepts of relativity clear. Th 
second chapter gives a brief workinj 
knowledge of quantum mechanic 
and deals specihcally with waw 
particle duality, Schrodinger equa 
tion and uncertainty prirtciple. TN 
authors illustrate these concepts b] 
working out Urge number of exam 
pies; e.g., tunnelling effect, is explai 
ned in delail. The next chapter or 
X-rays is written in the usual manner 
However, the chapter on lasers doei 
give a good introduction to thij 
extremely important and rapidi) 
growjng held. In the section B<^tb( 




9ok, the Authm take considerable 
aio to present nuclear and particle 
byaics as much as is possiMe for 
D^rgraduate students. They have 
een able to give brief introduction 
> all important ideas of nuclear 
bysics. The chapter on particle 
hysics contains nice reproducuon 
>r actual photographs of theelemen* 
ary particles taken in the bubble 
hamber. 

Despite the above mentioned short- 
oihings, the book on whole is 
licely written, and the authors need 
0 be appreciated to have presented 
0 much ma (ter in such a small book, 
[here are a large number of unsolved 
»roblems which the readers can easily 
olve by taking hints from the sol¬ 
ed problems. Further, the authors 
Avt given a good collection of 
eferences at the end of each chapter, 
fhey have rightly included important 
nformation regarding symbols and 
lolts at the end of the book. One 
;laring omission is the subject index. 

Manmohan Cufta 
department of ?hy5ki d Astrophysics 
University of Dethi. Delhi 

►LANT PHYSIOLOGY ^THEORY 
IND PRACTICAL (2nd Ed.) by 
^ B. Mehra and S. K. Khanna, 
tultan Chana d Sons, Delhi, 1974, 
*p.4h0, Ri. 20.OC. 

URS is a country where there 
is no dearth of mass publica- 
ion of science bocks for university 
tudents. But, unfortunately, many 
)f these books are written byamhora 
vho do not have the patience (to 
mt it more correctly, it is dedica- 
ion) to go through the current 
cientihe literature and include 
hem in their text. The pre 
notation of the subject matter 
t is no better than that of a 
ookery book. Many of these 
>ooks give ideas to the reader in 
I way that it seems there is no 


research work going on in a parti* 
cular held, and that everything on 
that particular aspect has been done. 
It is unequivocal that producUoa. 
publication and distribuUon of such 
books are highly detrimental to the 
young mind. 

The book under review, however, 
is free from many evils. To comply 
a text book on the difTerem aspecu 
of plant physiology is a haeardous 
task because of the vastnets of the 
research going on in various upecU. 
However, the authors have been 
successful in presenting the text in 
a MtiiTactory way by including some 
of the current developmenu in 
various ftelds. The book is divided 
into two parts, one theory and second 
practical, making twenty-six chapters 
in total. The part dealing with 
theory is appreciable because of the 
inclusion of some extraordinary 
topics which are not met with 
in a usual plant phyriolofy book. 
However, the part dealiug with the 
practical hss been dealt with in the 
usual way. It is hi^ time that the 
Indian universities started carrying 
out the physiology experiments os 
a quantitative basis. Therefore, it 
is desiraWe that the manuals oo 
plant physiology make a quanti¬ 
tative approach. 

The inclusion of syllabi and 
previous question papers of various 
Indian universities have spoiled the 
appearance of the book as a text 
book. Such things are more suitable 
for a **guide*'. 

Jose KALLAiucicAt 
Department of Botany 

University of Oethi^ Mhi 110007 

PLANT SCIENCE by J. Janick. R. 
W. Schery, F.W. Woods and Y. W. 
Ruttan, W. H. Freetmm an^ Co 
iUSA}(2rtd Ed. 1974)Pp. 740.114. SO. 
HE authors have written this 
book collt bora lively as a text 


book for university courses Incor 
poraiing scieruific, technological am 
economic aspects. The two topics 
l^ant science and crop agriculture 
have been merged here. The bool 
has been divided into six pans whici 
are further subdivided into chapter 
dealing with relevant topics. Par 
1 named. Plants and Men, deals wit) 
crop plants, their production, humai 
needs, pollution and environmenta 
factors. It shows us the relation 
ship between crops and the civilisa 
tion. Pari II describes the natun 
of crop plants, their origin, classi 
Acation. structure, function, growth 
development and propagation. Par 
III describes the plant environmeni 
i.e., requirement of light, beat, soil 
water, climate and geography o 
crops. Part IV mentions the lech 
Qologtcal aspects of agriculiura 
practices dealing with croppinj 
system, nutrition, crop hazards am 
imi^vement of crops. Pa n V deal 
with the iodustry of plant agricul 
ture and surveys the individual croi 
species. The last Part VI named 
The Market Place, deals with th 
economics of crop production, drs 
tribution, worid market, trade policy 
etc. It also deals with the organize 
tion and management of agricul 
tural research systems, change ii 
technology and economic develop 
ment of agriculture. Though th 
book is meant for a course in ihi 
American universities, it would b 
very helpful to students all over ih 
world, as it is of a very informatiw 
nature. It will serve a very goo^ 
reading male rial for those intcre$te< 
in world agricultural problems an< 
achievements. The book has bee: 
presented in a very sim|^ languag 
which can be understood by non 
scientists also. 

Ajrr K. MrsHtt. 

Fro/essor of Microbiohg, 
Bosf Institute, Cakutto 70000 
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FIRST COURSE IN GROUP 
IH CORY by P.B. Bhattacharya and 
5.K. Jain, Wiley Eastern Private 
limUed. New Delhi, Pp. 97, 
R$. 10. 

T he importance of theory of 
abstract groups and its utility 
A applications in a bewilde¬ 
ring number of apparently 
unconnected subjects in science 
tnd mathematics Is now well 
•siubiishedand universally recognised. 
Its applications appear In quantum 
mechanics and crystallography, in 
zcometry ond topology, in algebra, 
n chemistry and even in biology. 

Although groups have their use 
n diverge fields, the study of abs* 
racl groups itself is very important, 
fhat is the reason why group theory 
:ontiaues to invoke considerable 
nterest which, as the authors of the 
>ook under review point out in the 
)rerace,*'is reflected from the 
ncreasingly large numer of research 
iriicles on this subject published 
•very year”. 

The book under review, as justi- 
iably claimed by the authors, is 
)esigned for a one semester under* 
'raduate course in group theory. 
Phe book presupposes on the part 
if the students ‘'a knowledge of 
ligh school algebra and geometry 
md some familiarity with the elem* 
nts of set theory*'. The latter being 
lot in most of the high school cur* 
icula in India, the authors haveati* 
mplcd to bridge the gap hy giving 
small tnlroduclory. tliough not 
ufficient, exposition of set theory 
n an appendix. 

Starting from rudimentary concept 
f groups, the authors have discu- 
Md permutation groups, subgroups 
nd cosets, normal subgroups and 
uorient groups, cyclic groups and 
lass equation in chapter 1. Homo* 
lorphism, Isomorphism and auto* 
lorphism nrt dealt in chapter II. 


Structure theorem for cydic groups 
and Cayley's theorem have been 
prov^. in chapter ill, atartlog with 
definttloDs of direct products of 
groups, one finds Abelian groups and 
finite Abelian p-groups disnmed. 
The Sylow theorems find their phee 
in chapter IV. These theorems 
occupy a significant place in the 
theory of finite groups. These 
provide us with soixm important 
properties of groups from arilbmetic 
properties of their orders. Tite 
Jordan*Hodler theorem and solvable 
groups are preseted In the last chapter. 
The material covered appears to be 
largely influenced by the prominent 
authors on group theory like W. 
Ledermann, Jacobson, Marshal Hall. 
Carmichael and Rottmao, 

There are many solved problems 
included in each chapter, which 
would be helpful in understanding the 
subject. lo addition to these, there 
are unsolved problems at tbe eod of 
each chapter which are left lo the 
student to work out If the itudeni 
attempts to soKc these problems, it 
would reinforce bis gfisp over the 
subject Equipped with the know* 
ledge from the book under review, the 
student could proceed over to more 
advance books on group theory. 

A preview at the beginning and a 
summary at the end of each chapter 
would have been of additional ad van* 
Uge to the student Historicil 
evolution of the coocepts of group 
theory could have betn briefly 
described at various places—in order 
to motivate an invotveiDettt in the 
subject 

A bibliography covering relevant 
bnoks i% an omissioii. Printing 
mistakes show up menacingly here 
and there. 

R. Kaul 

Deptt, of Fhysks 4 Astrophysics 
Vnie. of Delhi 


PRINTED aRCUTT TROUBLl 
SHOOTING by H.R. Shemil 
EitcirocKrmical Publications Ltd.. J 
Barns Street, AYR VA7 1X1 
Scotland, Pp. 105. 

T he brood spectrum of prime 
circuit ai^ications usual 
raetns that the method of desi$ 
must be tailored directly to the appi 
cation. A process that is used i 
produce parts for satellites, poriab 
ndios, computers, scientific instn 
ments, television sqts. toys an 
missiles must be flexible enough I 
meet the general standards of qualr 
and cost of each application. Am 
the process of primed circuitry, sint 
its acceptance some twenty years a| 
as a means of inlercoanection ft 
radio and electronic devices, hi 
brought revolution in the electron 
industry. 

In general, positive attributes ( 
printed circuits lie in reduction i 
weight as much as 10:1, space organ 
sition and coi.trol, cost saving k 
itaadardization and simplified c 
iutomaled production with fewt 
material and less training of few^ 
people; in reliability through simpi 
uniform assembly reducing erroi 
and coBDection minimizatioo an 
control. These circuits have soa 
uegalivt attributes also. Moi 
important disadvantage is tk 
ampUfication of shock or vibratio 
inputs. In addition to their poc 
re pain bilily, the thermal design < 
printed circuits is complicated an 
limited. Also, the revision of thei 
ciicuiU is diflicult and sometime 
impossible. 

With the problems associate 
with printed circpils in mind th 
author presents this book, a highl 
specialized text on the subject c 
printed circuits, which deals mainl 
with tbe art of troubleshooting 
Neariy half of Ibe text is in tabuls 
form consisting of more than thirt 
fault charts which describe (h 
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fobkfflt iModAted with variou* 
meue» hlongwith their pottiWe 
tuee tnd the fuigested remedy. 

TIk bi«c ioitiel step m the fihr^ 
atieQ of i printed circuit bo4fd ie 
he leneintion of 4 pattern from art* 
work onto t copper or other oeUJ- 
dad lamiMte. The mailer network 
Aimot be wed directly for 
wiring board production as it it Urr ^ 
than the finished board and la not 
sufficiently durable to withstand 
handlios during manufacture. U it 
Mcettary* thereforc, to photograph 
the raatUr artwork, either as a posi¬ 
tive or negative depending upon 
various factors. Thus, the book 
rightly starts with describing artwork 
and photography. In the simplest 
method, known as “prim and etch* 
(Chapters 4. 5 and «. i copper-clad 
laminate is coaled with the esa^ 
pattern using a protective resist 
material. The unprotected copper 
areas are subsequently chemically 
elched to remove the unwanted 
copper from the laminate- The resist 
is removed after etching, leaving 
a replica of the desired pattern m 
copper 

The plating of high quality printed 
circuit boards have been described in 
deUil (Chapters ? and S)- Copper 
is normally deposited on all printed 
wiring boards and the quality of the 
deposited coating is governed by a 
number of factors. The author, ^n. 
explains the need of gold, nickel, 
tin-lead. silver, rhodium, tin 
and tin-nickel pUting for different 
requirements, However, in the fault 
assessment chart eleven problems 
associated with copper plating have 
been given along with their cauae and 
suggested remedy, but the author 
points only two and four problema 
associated with gold and nickel 
plating, respectively. The innume- 
reble analytic ptocedurei available 
for all the ekctrorlatiagand relatiag 
lolntions used h the plating of 
printed circuits ho rds are described 


indetaa and Ok tables 
end of the chapter on ekctroplatiiii 
are vt/y much useful to manufa^ 
turen. 

In the production eff eWctncal tod 
electroiuc equipment, the joining of 
(Mtal aurfacu Ij soft soldering to 
produce a good mechankal bond of 
lowekctfkal resistaace is aneoential 
feature of amenbly proceiset. ''The 
prodiKtioa of a reliable mechankal 
and ekctricul joint u. however, much 
more complicated than juai brining 
two surfaces together with molten 
solder'*, the author adds while descri- 
bug soldering. The author further 
adds while discussing the proMems 
associated with unprotected boards, 
or those coated with a flux preserva¬ 
tive lacquer that. **11 is unusual to 
carryout a soldering procere on a 
copper surface unless the surface is 
freshly prepared and protected by a 
flux preservative coating. As the 
preservative is essentially a means of 
preventing oxidation and the sol¬ 
dered interface is, in fact, the surface 
cof^r, Umae two forms of presen¬ 
tation can be considered together." 
The author's obeervarion is that the 
gold layen upto five micrometer 
thick can be soldered without 
difficulty if a limited storage time it 
observed and optimum soldering 
temperature is $hooi 220*-240*C 
The author wtms that the 
contfol of quality must start at the 
design sta^ to ensure a minimum 
of rejects at the final stage of pro¬ 
duction. He therefore suggesU 
various inflections related with the 
choice of material, aorfadb af^Ma- 
raoca, dimemions, ^yskal charec- 
teristka and aoldefibility. In addi¬ 
tion to tlmae checka, the book descri¬ 
bes flimretous tnpecliods viiu^ m 
well as ^neril The author is critical 
about tlK multilayer printed arewts 
which fall into a spedaJ category for 
inspection purposes- He further 
suggevh. thAt releasing the 

comt-sneat. the circuit must he tested 

m 


nechaiucally and electrically. 

In chapter 14. the new techniques 
have been described which eliminate 
many of the proems inherent in 
the conventional method of printed 
circuit manufacture. In this chapter, 
the author details the additive and 
raultiwlre printed wiring boards. 
The author is impressed with (he 
additive technotegy and tabulates its 
advantage giving seven characteri- 
stica, eighteen functional, technical 
or manufacturing advantages and 
ecottomk benefits. The author then 
describes pin -and blade connectors, 
switches, programme controllei, 
tnasistore and diodes, resistors 
and capacitors, transformers and 
toroids at the miscellaneous com- 
pofienU for printed circuit board 
assembly. 

Very interesting feature of the 
book is that it reviews important 
specifications dealing with copper- 
clad materials, and print and etch, 
plated through, sod multilayer 
printed wiring boards. It describes 
specifications of the U.K.. U.S.A., 
artd Inlemational Electrochemical 
Commission. The chapter on terms 
and defioilions is very interesting. 

The author has made an excellant 
attempt to write this book which is 
of direct interest to all personnel 
involved in this hybrid technology 
whether they be design or production 
engineers, chemists, metallurgists, 
inspectors, or merely apprentices, 
uiinees or process workers, as it 
coven all aspects of printed circuits 
flnnufacture in chronological order 
from the initial design stage to final 
inflection of the completely asMffl* 
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^oing added for the specific needs of 
ndian industry, 

In fields as diverse as steet*making 
ind food preservation, metal joining 
ind fertilisers, electronics and anaes* 
hesia, space rocketry and pollution 
:ontroi—(OL is working today to 
Jcvelop the technologies the country 
n \\\ need tomorrow. 
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Indian Oxygen Limited 



today 


t not only to increase production but 
to improve distribution and to go ahead with 
our socialist programme; but even more 
important to hold our country together, f 

^Indira Gandhi 

UT US GET ON WITH THE JOB OF 

NATION-BUILDING 
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5ir» ElectrotUtk preciptution hai 
eeo tcknowkd^ a> ao important 
xhmqua for removing fine paitkks 
rom air or ocJier paea Honvver, 
lie authora in Uieir artkie Electro 
talk 4mt ciirfkr (S.A. January. 
976) did not touch upon its pokntia) 
t a meaiu for removing pteoui 
ollutanU. ElectmtiCic percipitator 
ai tevemi cbaractenstics which 
tight be eaplorced for this purpose, 
ifflong them are corona diacharge as 
site of intense chemical activity, the 
orooa wind at a meant for miiiag 
he pset and a low pressure drop 
eveloped across the precipitator by 
he flow. Corona wind is the flow 
tduced by ions along the diameter 
f the precipitator. This flow im- 
roves the mixing of the pses. and 
herefore the contact between the 
ollutant and the layer of catalyst. 
Depending upon the imperties of 
particular pollutant and other 
oostituents in ps» a variely 
bemical reactions are. therefore, 
ossible. Sometimes oxtduing 
haracteristks of ihv precipitator can 
e enhanced by pUcirtg a layer of 
italyst ot the grounded electrode 
nd arranpoients made to operate 
se precipitator at elevated lenpera> 
jres. With these arrangements, high 
on versions of hydrocarbons and 
igh Kkctlvities for CC^ are attain- 
ble wHh very little partial oxidation 
roducls. Such a system, thertfore, 
as characteristics which are essential 
)r the abatemertt of pseous pollu- 
lists in air. 

A.D. Taowaucai 
Res^anM ScMar 
Peporrmenl Chemkcl recAaWagy 


PalA 

Sir, In S.R. April, 1976, JyoCtrmoy 
Hui has posed two interesting 
questions repiding the removal 
of ptellt, I want to reply to his 
questions with two illustiathre 
diagrams. 

Experimental wort has shoam that 
the ptelb or the knee<ap is a 
mechanical hindrance during the 
earlier degrees ^ citensioo of the 
knee (Fig. I). Indeed the removal or 
excision of pklla will result in 
increased efficiency of the movement 
during that prt of eUeniioa. 

«*—omECTioN Of pua 




But in the bier degrees of extension 
(my 150”- 1 8(f), theptdbassisb in 
the movement by holding Uie tendon 
of the qundriceps femoris muscle 
away from the axis of movement 
(Fig. 2), provides additional leverap 
and thereby inewa s e s the exleading 
momentum of Uk muscle. Hence, 
the rensoval of piella will greatly 
decrease the effi ciency of the owve- 
meat of extension during the bier 
prt. 

Therefore, overai) effect of the 


removal of patelb has poeftlly bee 
reported as resulting in some weal 
ness and disability of the knee joii 
(J.V. Bssmajbn, GrM's Method < 
Artaiomy, Willbm's A Wilkins Coa 
pany. 1971). A ptient will \ 
able to walk even after the excisio 
of pieiJa, but it is not advisabi 
for persons desirous of runnin 
tasL 

VlNAY KaiSHN 
Oepartmem cf Anatom 
Kiny George's Medical Colleg 

iMckno^ 

Ncem 

Sir, The article Neetn as atncdicbi 
plaal by .Anand O. Prakash {SJ 
Feb., 1976) was quite informaiiv< 
It may be understood clearly ihi 
Meeiha neem is the common Hinrj 
name of Murrayo koentgii $pren( 
a member of Rutaceoe and thi 
is not the variety of neem- 
Azodirachta indico Linn, which is < 
member of Meiiaceae. Leaves o 
Meeiha neem are used as condi 
ments. However. I have heard abou 
the non-biller variety of Azadin 
chta indicQ but 1 have yet to com 
across such a plant. 

P C. Kotwa 
Stale Forezl Research Instiiul 
Jabalpur (M.P, 

n 

Sir, J have read the interestin 
article Neem ax a medicinal plaa 
{S^R, Feb., 1976) and would like t 
add: A few years ago it was dis 
covered st I.A.R.I. that the seed o 
neem can he used as a very cflectiv 
anti-feeding material against th 
desert locust. If a 0 .1 % suspensioi 
of the kernel of the seed of the pbn 
is sprayed on any crop, it remain 
praetkaliy safe from locust anaci 
for about 5 weeks. This is a poten 
weapon to protect the small hokliog 
of the fanners when locust swarm 
threaten to Invade crops, until suci 
time the swarms are killed bybrp 



^ isaectkidil ^pef^tieta fn>ai 
»e tir or by grouod squids. 

T.V. Venkatiuman 
Professor EMomoio%y{PttA.') 

Madros 

Sodil dnfi 

Sir« 1 hive i few questions ebout 
lodAl dn|i li bImm {S.R. Dec.. 
975). 

1. Cm my of the drugs mentioo- 
d in the ankle change tlw composi- 
ion of blood? 

2. Whattypeorabnonnalitiescin 
liere be in a person who has been an 
ddict to "M... for three years? 

S. ]s (here any chance for an 
ddict to lead a normal life after he 
is stopped taking drugs? 

4. Will his progeny be affected 
1 any way? 

J.B.S. 

1. None of the drugs referred to 
1 the article is known to change tbc 
ompositionof bloodona permanent 
a sis. However, when aoy drug is 
iken, there may be a temporary 
iocbemicil change bating so long 
a tbe drug is present in the blood. 

2. *'M_is a combioaiion of 

iphenhydFamine and methaqualone 
od is used as an anli-anxie(y agent, 
bnona taking this drug art known 
) be acutely tense and tend to neglect 
lieir Ttsponaibilities. They have alio 
een noticed to indulge tn irrelevant 

ilks. Overdosing with M_may 

»d to cardtovascubr complkations 
ke shock, myocardial infarction and 
ardbe anhythraia. The blood clot- 
log mechiiiissi may also be impaired 
a some patientt if it is used ia eacei- 
ive doses. 

3. There is every eheoce of a 
ersoa living a normal life after be 
as given op addiction to M.... 

4. There b no evidence of progeny 
cing affected in aoy way. 

B.M. MmiAL 
Oeptt. of Pkormocoiogy 
hria Intt. of Tech. A Sciences, Pitmi 

Pofosfhan 


CsMidci ead ptegle cfea« 

Sir, P.S. Dabey in WhM coaMka 
mt made ef? (S.M. Nov.. 1975) did 
not my whether one should uea 
cosmetics or not Are cosmetics 
harmful to skin? Also, he has ool 
said anything about pimpb creams. 
Do pimples really disappear with the 
use of such creams? 

V.G. SHiaKHEUKAi 

Chandropur 

Od the desirability of using cos¬ 
metics. opinions differ. However, 
it would be, perhaps, in the larger 
interest to conclude that coimetks 
should not be used without caution. 
It has occasionally been seen that use 
of hair-dyes has caused severe eczema 
of (he scalp. Again, powders ool 
containing a suitable antiseptic give 
skin troubles. Safety of health must 
overweigh false appearance 

Pimple creams are cold creams 
containing bore % or other compounds 
of boron. Such creams should be 
recognised medkines rather than 
cosmetics. In ^ct, pimples in medkal 
terminology are called acne which 
is a chronk inflammatory disease of 
the skin involving sweat gbnds. 
Acne is charactensed by while heads 
(closed comedones), bbek beads 
(open comedones), pa puke, pustules, 
veskles, nodules and scars. Mott 
of these lestonsart sterile and staphy¬ 
lococci are • minor clement in the 
disease. Indigestion, constipation, 
sexual disorders and over-indulgence 
in sweets are ool the only causes 
for its appearance, development and 
contiauitiotL Acne generally appears 
IQ youth and disappean afterwards. 

There is perhaps no sure treatmenc 
of acne (pimples) and therefore piiiH 
pie creatni sold ni tbe market can 
hardly be of any help. Prolonged 
exposure to sunlight may sometiraea 
prove useful 

P.S. DuuY 
Boreilly Coilege 
3areUty(V.P.) 



Sir, I would like to diaw 
attention of my fellow mdtn < 
•S.Jt. to the usage of the ten 
hyperckromfc while describing 
stained peripheral blood smes 
in a person suflering from eenai 
anaemia. 

According to tbecootenlofhaemc 
globio in erythrocytes of bloo< 
three sates of tbe cell can be dei 
cribed. The cell may be nomx 
chromk when the haemoglobin coi 
tent is normal hypochromk when 
is below normal and lastly hyperchn 
mk when it Is in excess. The form< 
two terms am used by all author 
Confusion arises when the ten 
byperchromic is used to describe tli 
erythrocytes of cerain anaemia, h 
M. Winirobe in his book Chnict 
Hocmatology (6th Edn., Londoi 
1967) even condemns the usage ( 
the term hyperchromic. He poin 
out that ihe haemoglobin content < 
(he erythrocytes increases parallel 
with the volume of each cell and wi 
not be found in excess. Tbe foUov 
Ing lines can be quoted from Harr 
son's Principles of Internal Medicir 
(7lh Edn.): '*Rcd corpuscles in pern 
cious anaemia and in other macrocyti 
anaemias are not hyperchromic bt 
being thicker as well as larger i 
diameter than normal corpuscle 
they appear to be supersaturated wit 
haemoglobin, as one looks at thei 
through I microscope. 

What is more confusing Is tli 
contradictory stetements of cliruct 
findings in pemkious anaemu 
Some uy that pemkious anaemia i 
normochromk whereas others (ii 
eluding some IzKlkn authon) ay 
ishyperchromk. Certain othen eve 
say it is hypochromk. The usage c 
this still ambiguous terra is open 1 
question and discuuion, if at all tb 
term is allowed to be used. 

G.N. Lakshminarayai 
Coimbatore Medical Collet 

Coimbatof 

{Continued on pate 404 




sciENce nxpom-n 


tliepbiets 


Planets and 
their positions 


AUGUST 1976 


^oriMOH 



®0‘^thhorizoh 


Mfiew 

MABMTUOeS 
•1 Q -1 

* * * 'o POLL MOOM 


The BOM 

Full moon occurs on 10th ai 5*U 

.tn. end new moon on 2^th et 
•31 p.m l.S.T. The moon passes 
bout a degree south of Jupiter on 
8lh, about six degrees south of 
Bturo in the early hours of 24th, five 
egrees south of Venus and about 
filf a degree south of Mercury and 


three and a half degrees south of 
Mars in the evening of 27th. The 
lunar crescent hecomes first visible 
after the new moon day in the evening 
of 27lh. 

The moon is at perigee or nearest 
to the earth on I si and again on 26th 
and at apogee or farthest from it on 
I6tb. 


Mercury (Budba), an evening star 
sets about a n hour after sunset du rin| 
the month. It passes very close to the 
star Regulus (Magha) on 3rd beiii{ 
kss than a degree north of it an^ 
comes very near to Mars by the end cl 
the month, ft is at the greatest easterr 
elongation of about 27 degrees froir 
the sun on 26th. It moves from Lee 
iSimhe) to Virgo (Konya), lu visua 
magn itude va ries fro m - 0.4 to +0.6 

i^emrsiSukra), an evening star, set: 
about an hour after sunset during th< 
month. It passes about a degree 
north of the star Regulus {Magha 
on 7th. U moves from Cance: 
iKarkota) to Virgo (Konya) througl 
Leo (Simho). Its visual magnitude i: 
about - 3.3. 

Mars (Mangala). visible in thi 
evening sky, sets about two hour 
after sunset during the first half o 
the month and about one hour afte 
il during the second half. It move 
from Leo (Simha) to Virgo (Konya) 
Its visual magnitude is about +1.9. 

Jupiter (Brihaspati), visible in tb 
mornir)g sky, rises at about loca 
midnight during the first half of lb 
month and about an hour before i 
during the second half, being ii 
quadrature with the sun on 23rd 
It is in Taurus {Vrisha). Its visua 
magnitude is about -2.0. 

Safum (Sani) is too near the sun t 
be visible during the fint half of th 
month. In the second half it reappear 
in the morning sky and rises aboi 
one and a half hours before sunrisr 
It is in Cancer (Karkata). Its visiu 
magnitude is about +0.5. 

luring the second half of th 
month the three planets Mars, Mei 
cury and Venus (above to below) ai 
seen very close to each other in tfa 
westtiQ sky after sunset. In th 
evening of 27th. the moon will als 
pass very near to them keeping Mei 
cury and Mars in its notbem side an 
Venus in the north*western side. 
(Source: The Nautical Almanac On 
of the Meteorological Office, Aiipor 
C4kutu*700027). 



i. K. SINGH 


How doos a man remember things be has se^ or heard in the 
past? How does he, at particular tines, recall a past experienced 
These are Che problems that arise in die study of memory 


r HE learned sages of ancient 
India did not possess a clear 
>ncept about the function of brain 
nd believed^ like their contempo- 
tries in China, Egypt and Greece, 
'lat heart was the source of inlelli- 
ence. The importance of spinal 
ord was, however, realized. The 
xistence of the nervous system was 
nown but not properly understood. 
S^itb an immense interest in meta- 
hysical problems and a rich tradi- 
ion of lively debate and discussion, 


a distinctive system of logic and 
epistemology gradually developed m 
India. They started debating on 
terms like 'thinking' and this pru' 
cess was regarded as the defining 
attribute of Man. Likewise, the 
Greek philosopher Artistoile assigned 
rationality (capacity to think) as the 
distinctive quality of Man. Another 
illustrious Greek philosopher Desc- 
rates attempted to distinguish mutd 
from matttf by characterising the 
former a I 'that which thinks'. Both, 


(he sages of ancient India and philo 
sophers of Greece, were seized of on 
of the most distinctive human caps 
cities, viz., 'thinking* in definition 
Even today no branch of psycholog 
would be complete without a serioi 
attempt to describe what a man do< 
when he is 'thmkmg'. or how a ma 
memorises his thinking and how \ 
particular times he is able to reca 
a past experience. These probten 
which till yesterday were lying at c) 
periphery are today dealt with ; 


hri Sin^ u Sewn let in the Divnton of Pharmacotogy. Ccniral Druf BcMarch Iielitute. Lucknow. 










attofetbe# t brtocli of 

oatiuil lekm etUed Murotdenec. 



Pli. 1. Tte tnamimkm of •fd««tory IsHm fran «c moc cHI lo Mtkr tik 
Hic« •( Ike wjmptt. Then are at tW nerve endbtR^, In whlck tniMitl 

b <ter«4. On ketag Mmtetni. Ike tr«aeal(tcr If retetse4 aotl^ fttBotatk 
of fke next mnt cell 


Aoy oyitm Uymg emture is b 
utuBtioB ia which It i$ thiAkiB^ bna|i 
back the ontire repertoire of hu peit 
experieacei^ bebtti tod diipocitioiu. 
T^refofe* 'UenuiiA* ood ^meinory* 
ere importB&t prereouiihe* for 
'Uu&kiiif' to teke pUee« It U oot 
otty to define kemie# tod much ke» 
to know the proeeu ubleriyuig 
ieemiii^ Aocordiag to the define 
tioa fiven by Thomeon (Durheo 
Univenily, U.K.» 1959), ^'Letnung U 
tny chtRge in the ^oertl tetivity of 
•0 offtnlim the eflects of which 
pereiit and recur over a period of 
time aod which are ttrengthened by 
repetitioii or practice/’ Even thk 
geoeral definition wa» considered to 
be speculative at that time* as suffi¬ 
cient evidences were not available in 
the scientific titeriture to support 
Thomson’s contention. Matihies 
(Medkal Academy. Magdeburg, 
CDR, 1971) pve a more concise 
definition: ’’Learning is the elabo¬ 
ration of strategies against a definite 
class of disturbnees, using a multi- 
stable system of stable sub-systems.” 



/e; "J ffmtmber ^vtry word you say. ” 
iftc: "Afttr marriage. I should be 
tort interested In how soon you can 
orgei things than how long you can 
^member them/' 


This definition was ooi considered 
speculative as Matthies. together 
with many olher scientists from diff¬ 
erent parts of the world, had enough 
materia] evidence in support of this 
definition. Hie difference in these 
two definitions also signifies (he 
strides made by neuroscience between 
1958 and 1971. 

How la Biamory fonnedt 

During this period, the major 
effortofmany neuroscientists was to 
clarify the bask mechanisms involved 


in learning and memory formatioi 
Recent progress In molecular bic 
logy, particularly development in tb 
knowledge about (be function c 
nervous system, the near perfectio 
of some highly sensitive and specifi 
physical, biochemical and morpholc 
gical techniques and progress i 
thcoretkal knowledge in cybernetic 
has made possible successful rescarc 
in neuro sciences. Accordingl) 
many ibeories, some of them ver 
speculative, have been proposed i 
explain how memory is formed. 


dLYipta 
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The new concepts invoNe<I in the 
adenundinc "memory** ere 
rimehiy based on enimel experi' 
lents. This is mainly because ethics 
>rbid the performance of experv 
lents on human beings* apart from 
le fact that the memory fonnation 
i human beings is relatively difln 
dit to investigate on account of their 
aving a more complex nervous 
^siem. However, a compaiativtiy 
impler memory formation and learn* 
ig events in animals can be usedasa 
lodel. Because the Amctions of 
erve cells of human and animal 
rains are essentially the same, it is 
Iso to be expected that (he mecha 
isms of memory formation will 
ave a general validity. Further* the 
umber of cells and their coiuiecli> 
ities with each other in the huir>an 
cain is much larger—the approxi* 
iite number of each nerve cell 
aving connectivities with other cells 
» of the order of 2 x 10* (Fig. IX 
lesides. we know from the history 
f development of brain that in the 
igher animals the number of in- 
smeuronal connectivities is always 
n an increase (Fig. 2). Nobd 
aureate Professor J. Ecctet (for- 
leriy of Australia, now in the USA) 
as demonstrated this vwry deariy 
n a particular type of cdl* i.e., 
tflencephalon ^hindbrain) in verte- 
rales, it is generally recognised that 
icreaied neuronal connectivities are 
f ^edal signihcaiiee for dMio^ 
test of higher aeurona) activity. 


The formalioa of new BeoroMl con- 
aectivities is therefore a macufesU* 
lion of events leading to memory 
and learning ia individua} cases. 

Many rcaearehen have investigaied 
the corr^UoD between the nerve 
cells and their connectivities in the 
rat brain by maoipulatiQf eiperi- 


mental cavuDuneftca. F6r imiino 
a sa^ n( was grown in a narro 
Mpty ca^ or lati in gronpa wei 
brought up ia spacioai ca^ ia U 
pf em ac c of different obfecti such i 
loya* etc. The idea behind sue 
manipdatiotti was that social coi 
tacts aod an enriched envtronmei 
win enhance learning and the acquh 
tion of new iafonaatioB kadiag to i 
improved otemory. ThoM eipet 
ments have shown that anima 
brought up in an enriched enviroi 
mmt did haro more spots (in tl 
brain) where connacliviliBs betwra 
nerve edb take phee compared lo U 
anhoali bred in a poorer nitiei 
Similar differences were also obaerve 
between animnls bred in complei 
dartiicas and in normal light. 
these differencca were observed onl 
in those parts of the brain where t) 
aeuronal circuits from the eyes cm 
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e.» pyramidal colls of visual cortex. 
i is, therefore, iTTferred (hat during 
aratng the excitated nerve cells 
evelop new co nnecti vities. Depend- 
ig on the durability of ihe.>e connec- 
vilies, the reproducible excitation 
attcm of the participating cells 
ikes place and this forms one of the 
nportant basis of memory. Some 
oubts, however, have been raised 
Q this pbeoomeoon of formation of 
ew synapses <connectivities between 
ells)» as it was difficult to conceive 
lat the new synapses could develop 
ithio lecondsorcven minutes. Many 


scientists found it difficult to conceive 
that this phenomenon manifests 
the basis of formation of memory 
traces or engrams. According to 
aiK>ther theory, known as aggregate 
field-theory, memory deperrds on the 
formation and maintenance of cir¬ 
cular. electrical waves in the available 
range of neuronal circuits. But this 
theory is also not without contradic¬ 
tion. as it is possible to bring the 
electrical activity of the brain transi¬ 
torily to a standstill through experi- 
menu! maoipulatioDS without eras¬ 
ing memory traces. 


Some clinical observations, demoi 
strating the existence of differei 
types of memories, resolved to a grei 
extent some of these contradiction 
For instance, if a man gets a coi 
cussion of the brain, he caam 
remember the events just prior to tl 
accident, whereas the memory of pa 

events U not disturbed (tcchtu^ll 

known as the loss of recent memoiy 
The fresh and recently acquire 
memory, known as short-ten 
memory, appears to be very sens 
live to brain concussion. AppaitnU 
there exists another form of memon 


m 
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"Fcr wrUiftg a took on hiaiory of 
mtmory, you should first ha^rt o good 
memory for history." 

known as lan|*lerm memory, which 
is not sensitive lo heavy concuuion. 

On account of these clinica i obscr- 
vaiioQS, various experimenul investi¬ 
gations were undertaken lo establish 
the biologica I mcc ha nisms a nd tu nda • 
mentals of both forms of memohes. 
A type of brain concussion was 
induced in animal experiments by 
administerirtg electroconvulsive shock 
(15 mA. 25 m sec.). When ih»s 
electroshock was given at different 
times after learnings the memory 
erasing effect gradually decreased as 
the time interval of giving the shock 
increased This method could show 
to some extent the commencement 
of the long-term memory and the 
period of its transitory stomge during 
the phase of shon*term memory. 
Further, it could also be demons* 
traled that during short-tens 
memory an improvement of memory 
could be obtained either through a 
stimulant of central nervous system 
like amphetamine or by electrical 
stimulation of those brain structnies 
such as hippocampus, which are 
considered responsible for the actK 
vation of brain fund ion. These 

results also support the gcocnl ea« 
perieoce that high attentiveness awl 
avrakenness have a favourable effect 
on learning performance and fhtifoe 
aivd distractions have unfkvouribln 
cflecU. 


mice that after inhi- 

is rebtrvdy pndmK ranging bition of protein synthesis in brain 
from minutes to hours npparenUy the animal could still i»m and store 
supported the wew ttat the ne* the tisl thus learnl. but after a 
wuectr^ iMvceu nerye cells fe* hour, the memory dcierioralcd 
lennthefausaorioDgbaliiigtBrmory. uud gradually diminished Neither 
Aalhe.^ieofsuchnewcoui«cti- learning ability nor short-term 
* ,'1**^ hke other growth process, is memory could, therefore, be impaired 
cto^y reeled to protein synlbesk through an inhibition of protein 
anthin the nerve cells, au impairmeDl synthesis, but an impairment oflong- 
of tong-term metiiory formatioa was term memory was observed These 
to be expect^ Oirou^ inhibition of findings proved the significant role 
p^o synthesis. From the resulu of protein synthesis in the formation 
otwmed frooi nmlecular biology, of memory molecules, but this 
Oise also knew that protein synthesU process is obviously not relevant in 
IS eonirolled by nucleic acids, so the retention of short-term memory, 
that an inhibiiwn of !be iyathesu of 

the appeoprmie nucleic ywl could ayaCbMis aad memory 

aim cauic dtstorbance in memory The investigalions with Inhibiton 
formaiKm In fart, ii couki be seen of ribonudeK acid (RNA) synihesis 
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^re, however, less well dehneG 
iRinly because of their disturbing 
idc'C fleets. Aciinomycin-D, a 
lOtent inhibitor of RNA synthesis, 
ho wed extreme toxic eflects when 
,iven locally in as low a dose as 
1.5 per hippocampus. It was 
Iso difflcult to measure the behe* 
ioral effects of these inhibUon at 
esiicd time intervals. Therefore 



The troubfe with the Book Award 
'ommittee is that it caoMt take a 
ecisiM whether my book Is memory 
ble history or hhtorical memorUs." 


scientists investigated the direct parti¬ 
cipation of protein and RNA syn¬ 
thesis in the memory formatioo. For 
this, they used the isotope techniques 
and determined the incorporation of 
labelled precursors into proteins and 
nucleic acids of nerve cells under 
conditions of a learning experimeni. 
Thin brain slices were prepared from 
treated animals and coated with 
photo-emulsions. Ad irttettse black¬ 
ness of radiation sensitive layer was 
found at those spots in the brain, 
where a strong incorporation of radio¬ 
active precursors took place. These 
studies helped to establish that 
learning leads to an increase of pro¬ 
tein and RNA synthesis and also the 
localisation and nature of nerve cells 
of brain which are involved in the 
learning process. These auto¬ 
radiographic investipuons clearly 
established that the formation of 
long-term memory is accompanied 
by increased nucleic acids and protein 
Synthesis. 

The results briefly summarised here 
are notas straightforward as indicated 
and ire Dot without coaCtadictions. 
The main reasoo ti that iavaiti^tioni 


have been done in different labora 
tones using different eiperimenta 
procedures and animals of varyioj 
spedes, thereby making a comparisot 
of results extremely difficult It is foi 
this reason that research team o 
Matthies deided to investigate on i 
specific model o f learning experi men 
with rats, to study the dynamics o 
the teaming event and memor) 
formation at different time with i 
view to throw light on the cellular anc 
molecular mechanisms involved. 

The experimental model the resear 
cbers chew was the so-called shock 
motivated brightness diicrimlnatioi 
(Fig. 3). This model was chosen be 
cause the particular type of learning 
is both observable and measuraUe 
and involves participation of cerebra 
cortex. It also offers the possibilit) 
of subiugiting the animats to all pro 
cedures of the experiments without 
their actually learning anything, sc 
that such atumals can act as yoked 
(active) controls. Moreover, thi 
entire apparatns is auiomatkallj 
manipulated through a control panel 
eliminating the subjective influence oi 
the expertnsenter which is an extra 
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^ ittponiQi hctot ia beliaviofti 

Hirough a coobiaatioD of bio' 
lemkal, aato^diofitphical and 
octfoo-aucroacopkal iovesti|itioitt 
oae o& this model of kamiAg» it 
oald be deiDOfistrated that there wii 
D increase of ribonockic acid tad 
roteia synthesis duriaf the forma* 
ion of lonf*tena memory. The 
ynaiaics of k>nf*term memory 
>rmacion could also be esSaUished, 
s the above menuoaed increases in 


tNA tad protaia syntheses express 
tKBBelves in metabolic chaoies at 
jflereoi times mdifTereitt phases and 
Iso b the partidpatioa of individual 
icaia regions duriog the formation 

meiDory tiaces. 

In this learning model the for- 
nation of stable and permaihent 
Mkory traces is completed within 
hree to four hours. This fact could 
■e eAablisbed by seeing the decrease 
n tensibilily of memory to electro- 
onvttlsive shocks (0.1 mV, 3 sec. in 
his case). The question still un¬ 
answered was bow the memory was 
etained b the formative stage of 
three to four houre. The theory of 
luduaiing brain waves (also known 
IS held-polentiat) mentioned earlier 
mighi as well be responsible for this 
Uorage. However, this could not be 
nperimentaUy established. On 
further investi^tioas^ it was found 
that from tennbation of the training 
ill the formation of permanent 
neiBory traces, strong changes in the 
zhenucal transmitter systems between 
ihe nerve cells take place. These 
might represent the basis of a type of 
intermediate memory between short 
lod long term memory. 


MflOWeamedd 

On the basis of above findings and 
those obtained by other investigntora, 
Matthies and his associates propon e d 
1 mode) fot tho molecular and ceUu- 
lar pff D c emcs and their tempMl 
eapiratioB m the memory fomabon 
(Fig^ 4. S). Tliis model also enabled 
imnipulalions of memory formation 


based on the assumptiofl that the 
first stage of bochemica] changes in 
Ihe long-term memory formation 
involves an increase in the synthesis 
of ribonucleic acid. It was also 
auumed that long-term memory 
begins when the RNA synthesis has 
reached an optimal level. To give 
support to this assumption, the eape- 
rimental animals were treated with 
sufficient amounts of a chemical 
precursor of RNA. vir.. orotic acid 
before the commencement oflcarning 
experiments. A subsuruial prolon¬ 
gation of memory in such animals was 
observed, (n the untreated controls, 
a spontaneous dwindling of memory 
(•trophy>'-a stage of complete ^o^ 
get fulness*^ fter )3 to IS days was 
observed. The treated experimental 
animals showed predominantly good 
memory performaitce even after 200 
days (Fig. 6). This treatment was 
also found to lead to a significantly 
Increased synthesis of protein than 
could be observed in the untreated 
rats. For the first time the reten¬ 
tion of memory could be modified 
CO such an extent They further 
demonstrated that Ihe mental per- 
foriMnce might be influenced by 
ad mi lustration of some specific sub¬ 
sea ocei. 

Although many questions still 
remain unanswered, the possibility of 
prectical application of some of 
these results, say. in disturbed brain 
fuocuon cannot be ruled out. 
Supplementing the diet with protein- 
rich food specially during 0-5 years 
of a child invariably has shown a 
good effect on the mental perfor¬ 
mance of the individual. In some 
clinical observations it has been 
found that orotk acid ha s an improv¬ 
ing effect on mentally retarded 
children. It can, therefore, also be 
contemplated that substances like 
D-Fucose which help the binding of 
endo^nous protein at the receptor 
site will also help the mentally retar¬ 
ded children to pin nortnalcy. But, 
th es e findings do not suggest the 
poMibility that in the very near future 

JTT 


we might firtd ourselves in an era of 
*pilU for Rifmory'. !t is never going 
to be possible to store an information 
permanently in one's memory by 
swallowing a specific memory pill. 
The neuroscientists, however, will 
definitely be able to tell how to 
enhance the mental retention capa¬ 
city. For generations to come one 
will have to rely on his mental 
creativity and inclination and not the 
pill to acquire new knowledge. 
Therefore, Goethe's exhilaration on 
the mental excellence of man will 
still have a real significant validity: 
If'tfs Ou errrbit vo/t Oeintn Vaetefn. 
er^irb ts. um ts zu besitzen. (Whai 
you inherit from your forefathers, 
earn it. in order to possess it.. 

Work done In India 

Unfortunately, not much work hai 
been done in India to elucidate the 
processes underlying the mechanism! 
of memory and learning. Oui 
scientists have yet to develops genera 
interest in this field, whatever lilth 
work has been done is the sporadic 
contribulioti of individual authors. 

P.C. Dandiya and associate: 
(Jaipur) have shown (hat ampheta 
mine induced stereotypy increases th( 
locomotor activity for two hours 
The initial 30 minute increase is du< 
to the biogenic amines norepinephrin 
ind dopamine while the rearini 
stereotyped behaviour observed dur 
ing 30-120 minutes is mainly due ti 
dopamine 

R. Sukumar (Bangalore) trainee 
male grasshoppers Poecilocera pict 
in a conditioned avoidance task arv 
found that they learnt at a faster rat 
and retained the learned behaviou 
longer than females. An increase i 
the concentration of RNA in th 
metalboracic ganglia was also see 
in the insects after the training pre 
cess of changing leg position to avoi 
shock was completed. It was furthc 
found by Sukumar that prostigmi 
(also known as neostigmine), whic 
increases the content of the neurc 
iTaniinitter acelykholine due to i 
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Dwh etb f mtnory 


/^NE*Sc«ptdtT tp fccoUael cveolft, 
V./ gpericDcw or perfonBUnet 
wiuch b^ag to the put it called 
m em ory. It it bated upoe etriier 
peiceptual activity tod oormafly rc* 
qulfai tome ciirfeBtpeic^)tualactivi- 
tyabo, to Mi it into opentioa. If a 
penoB remembert tome event, hit 
preaent behaviour it certaudy 
influenced by ilt paat expcrienea. 

DafbcCive memory nay be muted 
mainly due to three facton: (1) the 
mold may be preoccupied, or the 
attention may be diverted towirdt 
other lubjecCt during perception. 
It it common in cam of neuroab; 
[2) influence of toaini which poiaoa 
ind damage the bmin. Toiint may 
bt or organic and inor^nic nature; 
ind (3) hyiteria. 

In neurotic petaont the ability to 
forget it high, even abnormal. Moiw* 
over, whatever doet not tuit them to 


renmbCT, they forget. And nten 
they are uaaMe to make contact 
with their environment they become 
panic ftriken. In fact their power 
of reteotion and recall it not faulty, 
but the fauk liet m their inability 
to take imprcetioii. The vaat major¬ 
ity of each of poor memory in young 
penons belOQg to this type. 

Defective memory of organic 
dimrder tuch at damage to the bmtn, 
may be due to toiios produced by 
alcohalt, drugs, etc. Here the person 
hat a dear recoUection of the dlitaol 
pact, but a faint memory of recent 
Mirtt. 

Patchy defect! of memory may 
result front dfseates and it it usually 
tranaient, but brain cells if damaged 
once, cannot be replaced. Some¬ 
times organic memory defects can 
be prevented by tbe intake of vita- 
min B. N.B. 


ntkholinesleraie property, bastens 
he teaming procc as and certun dyes 
ike acridine orange and Congo rad 
etafd it appreciably. 

M.M. Dhar and amociates 
Lucknow) have demoaatritod by 
Bcorpomting a QmtheCic pqicide 
bit the foreign protein is racogniaed 
ff a living system only thiou^ its 
nesaeoger RNA. 


The Regwoai Reaetrch Institute 
at Calcota hat developed and syn* 
fheaised a drug which is a phyto- 
product of Mamikt ^yodrifoUa. 
This drug was given eAensive dioical 
triab at various hospitals and wit 
found to be very elBcadous in recti¬ 
fying mental dborder and reding 
blood pressure. According to G.D. 
Mukheijee, MvteUa ^yadrifoiu 


when given in equal proportio 
with Aevral calamis acts as 
potent brain tonic. 

Yet another *pep for idiots' i 
claimed in Ayurvedic literature, i.e 
Bacopa motyuera^ commonly know 
in wemacular language as Brakm 
At present eiperimeott are beio 
done at the Central Drug Researc 
Irtstinite in Lucknow to screen an 
ascertain the memory eiUsancis 
property of this drug. 
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VfEDICAL NOTES (Contimed^ PUT 


ging by women—paxtkukiriy thorn 
D tbe upper sodo-economic levels. 
U the incidence of cancer uterus 
t inettasinfr D.C. Smith and his 
aweiates at Seattle's Unrveraity 
i Washington inveeti^ted whether 


bm was an asaoewtioa bct w uj the 
acfcasing incidence of uterine cancer 
nd tbe expandiag uses of estrogen by 
senopauial and pOftHneoopaueal 
mmea. By retrospectively coaqiar- 
sg patimts having uterine cancer 
ridi equal number of oon- 


trob having other gynecolo^ aeo- 
pUsms, tbcK investigators found that 
the risk of uterine cancer was at 
kaat 4.5 times greater among women 
ezpomd to estrogen thmpy (^ew 
Engl. J. Med., 1164.293, 1975). la 
■nnihrr study, H.K. Ziel and 
W.D. FiokJe of Los Angeks, Kaiser 
Pirmanente Medical Center found 
about I times greater risk among 
women iiapoee d to therapy using 
ooign^ted estro g cus (prinetpaUy 
sodium artrone sulphate) a^ tluM 


the risk increased with duration o 
exposure (New Engi. J. Med., 293 
1167, 1975). It should be clear tha 
these two studies did not prove tha 
estrogen hormones caused cancer oi 
the uterna, hut they suggested a rela 
tiooship between the meresset 
frequency of uterine cancer and tki 
ioervasmg use of estrogen hormones 

R.K. Datt< 
Beth Israel Medical Cenie 
Sew York, N.r. 10003, VJ.4 


Tbm tre BO two nieniAaoe 
ilctsm of the world would 
oiDcide in erery respect. The 
listoiy of tfae tiieories of 
[TBTlt^oo througb the ages 
oDfirms die truth of this 
ibservidOD 


K.W. JOSHI 
l.S. CHOUDHARY 


r O describe the physrcel worid 
around us. to explain its chang' 
ig elements and the different kinds 
r motion in it. requires a study 
lat has occupied man from prehistO' 
c times. 

The knowledge and understand* 
ig of gravitation acquired in 
le past three centuries forms a 
tty interesting story. 

[be of Newton 



The publication of Sir Isaac New* 
)n*s Prm<ipt<i in ldS7 was one of 
lie most notable events in the history 
f physical sciences. In it. one can 
nd the culmination of thousands of 
can of work to expbin the physics 
f moving bodies. He desciiM the 
tree famous laws of motion and the 
niveraai bw of gravitation. The 
itter states that every body in this 
niverse attracta every o^r body 
rith a' force 'proportional to the 
roduct of the masses of the two 
edits and inversely proportional to 
ba square of the distance between 


them. The constant of proportion* 
ality is denoted by C and is called 
the universal constant of gravitation. 
On the basis of these laws. >4ewton 
conviocin^y expbined such varied 
phenomena as the free fall of an 
object, projectile motiofi. pUoeiary 
motion, ocean tides, etc. Hiai is 
why Pope Alexander once said: 

** Nature cmd Natutt^s tawslcy hid 
in ntghtIGod said 'Lei Newton be!* 
at! teas right." 

In the eifhteanth and nineteenth 
centiirteti Hewtonb bws were tho¬ 
roughly studied by many phyaidits 


and mathematicians, notably it 
Frenchmen Laplace. Lagrange an 
D'Alembert, the Bernoulli family i 
Switzerland and Leonhard Euler i 
Germany. The applications of the: 
bws were extended by them. B\ 
as the nineteenth century came to 
close, the outlook was not ros; 
Newtonian* physics faced soir 
failures 4^ the wake of accural 
observatio'ns. 

Orbit of Mffcvy 
In the middle of the nineteeni 


century, V.J.i. Laverrier (1611*1877 
H. joiKi teaehis pbjWUnWTmflhib of Aoodo SUrt ChogBiy tt rounpc l t lAoiii at ihewiw irmkuH 






« attroaomer. aoalyxed tht 

luMon of the orbit of Mercury aad 
found tome diacrepaacy in the 
rettttu predicted by Newtoe’t hwt. 
Aecocdint to Leverr)er*i cakulatioQa, 
the major aait of Mercury'i orbit 
abould rotate through 527 tecoudi o( 
arc per century at ihowa ia Fig. I. 
But according to obtervadoai, ft 
fouiet through 565 teconda of arc 
per ccatury. The dlffereoce wtt 3d 
tecoadi of arc per century and was 
much brger thaa the experiokeatal 
error. So here lay a tubetantiaJ 
diiagreemeat between theory and 
obaervation. In fact, more accurate 
obeervations that have beea made 
lince IS45 show that there ia a difle- 
rence of 43 aecomU ofarc per century. 
Many attempu were made by scien* 
tieU to ex^in the diacrepaacy but 
without much succeaa. An American 
aitronomer. Aaaph Hall (1629-1907), 
even auggeaied tbit the Newton's law 
of gravitation may not be a perfectly 
ioverw square law—the force may 
be inversely proportional to the n-th 
power of the distance where 
2^0.01. However, apio. recent 
accurate observations show that n 


cannot differ from 2 by more than 
0.00000001. This smalt deviation 
from tha inverse square law cannot 
explaiD the discrepancy in the 



Vniil / was twrud. / too Mievtd ia 
Newton's disroftry that two bodies 
uroci each othtr.'* 



displacement of the perihelion of 

Mercury* 

Migeeceglc perikice 

In the beginning of the present 
century, it was fouad (hat Newton's 
mechanics completely failed to ex¬ 
plain the physics of microscopic 
panicles. The hnt blow to ctasaical 
mechanics ume when a German 
phyiiciat^Mix Planck, threw away the 
established rules and made in 1900 
the bold suggestion of quantum of 
action. According to him. the energy 
transfer from one system to another 
ia not continuous, but takes place 
by means of discrete quanta, that is. 
small units. This was (he bask 
foundation of quantum mechanics. 

MIAfboa Meriry experlmcat 

Classical mechanics assumed the 
existence ofan aII-pervading medium, 
called ether, relative to which the 
motion of every object could be 
specified. Ho wever, sustatoed efforts 
to "see" ether failed^ ^ving aisother 
blow to Newtonian physics. 

The earth, while it revolves around 
the sun. must move through the ether, 
which is supposed to be an absolutely 
stationary medium. The motion of 

the earth relative to the ether must 
(hen be detectable. One of the 
easiest methods to observe this 
motion would be to measure the 
velocity of light with reject to the 
motion of (he earth. 

Two Amerkaa phyikins, A. 


Michelson (1852-1931) and E. 9 
Morley (1838-1923), took up th 
problem in 1687. The aim was i 
measure the velocity of the ear 
relative lo the stationary ether I 
measuring (he difference between tl 
velocities of light; one, in the dire 
lion parallel to (he earth's motion at 
the second perpendicular to il. Ft 
(his purpose, they used a very delica 
instrument called Michelson into 
feromeler (Fig. 2). In it, a ny < 
light from a source 5 strikes a beai 
splitter BS. which is a half-silveit 
plate. One beam travels to mim 
Ml and returns to the telescope 
while the other travels to Af, an 
returns to the telescope. The tw 
beams give rise to interference fringi 
in the telescope. If we assume thi 
the earth is moving in the directio 
the velocity of light in tb 
direction SAf, would be differei 
from that along MiT. If the appart 
tus is now rotated through a Hgl 
angle, the velocities would b 
reversed, producing a shift in tb 
friiige pattern. 

After countless observations, wit 
different orientations of the tppaxati 
at different points of the ear^ an 
at different timea of the year (that i 
at different points on the earth' 
orbit around the sun), they failed t 
detect any shift in the fringes Tbi 
negative result later turned out i 
be an importaat result that fiv 
physics ao altogether new diractioo. 

So, by the end of the oineteenC 
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iAtAty, >lewtoiuift fftced 

Aoy pr9blem». Many physidau 
lade tevenl attempti to put them 
ff making minor changes tod modU 
cations. Some of the noted contri- 
<utors among them were H.A. 
^reotz (1853-192S), a Dutch physi- 
Ut, Nobel prift winner O.H. 
'itzgerald (1351*l900i an Irish 
hyskist; and J.H. Poincare (1654- 
912). a French mathematician, 
(owever. they also did not gel 
luch success. A drastic change in 
be basic concepsi was required. 

Use oTElwtcte 

In 1905. Albert Einstein, then a 
lerk in a patent office in Germany, 
leveloped a theory to ex plain some of 
he dlscrepazicies in classkal physics. 
U based his theory, now known as 
he Special Theory of Relativity, on 
wo postulates. First, the velocity 
>r light in vacuum is the maximum 
velocity of any material object. In 
nher words, no physical object can 
nove with a velocity greater than that 

light. Second, the laws of nature 
[physics) must remain the same for 
sbttrvers in uniform relative motion 
with respect to each other. 

The new idea that emerged as a 
result was that there is no absolute 
space, time or motion. Every object 
in this universe Is moving somewhere 
>r the other. It is, therefore, not 
possible to find a fixed reference 
trame In the univerM from where we 
can measure the position of other 
objects. We can at best specify the 
position of one body relative id 
mother. This is kzkowo as the relati¬ 
vity of space. SMmilarly, the notion 
of time, or more speciffeally. the 

duration between two events, is 

relative. Suppose we observe an 
explosion in the sun and another 
explosion in some other star, and 
measure the duration between the 
two. And another observer moving 
in a fast j^ceshlp relative to 
us also msasuies It There will 

he a differenoe in value of the 
duration between the same two 


events. Finally, velodty is also 
relative. It is meaoin^eas to ay 
that an object is moving with such 
and such velocity. It is necesary to 
add the phrase, "with respect to 
such and such object*' A stone on 
the arth seems to he stationary to 
us. But the stone, along with us, 
is rotating with a speed of about 
1600 m/hour at the equator (relative 
to the centre of the earth), the earth 
is itself moving with a velocity of 
about 30 km/sec in its orbit around 
the sun (relative to the sun), the 
entire solar system Is moving in the 
Milky Way ^laxy with respect to 
the distant stars, and nobody knows 
where the distant stars are moving^ 
yet the stone has zero velocity relative 
to ust 

The Einstein's theory of rebtivity 


gave rise to %6fU important and 
startling results. They are: 

Increttse of mass with spted. Jh< 
man of an object is not constant bui 
increases with its speed. As Uu 
speed of the object approaches the 
speed of light, its mass increasei 
beyond limit and approaches infinity. 

Otcreast of length with velocity 
The length of an object decreases as 
iu velocity in a direction along thr 
length increases. As the speed 
approaches the speed of light, the 
length diminishes beyond limit and 
approaches zero. 

Dilation of time. The pa sage ol 
time slows down a» the velocity ol 
an object increases. 

Interchange oj mass and energy. 
Masx is a form of energy and energy 
has mass. They can be convert^ 
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SCIENCE REPORTI 


Is invars* squara law not valid t 


T wo bodies ifi this univene attnct 
each other with a force proper^ 
lioDfll to the product of their masses 
ind inversely proportional to the 
i^uare of the distance apart. The 
sravitationa! conetatu, G, which 
irises as a result of this interaction 
>etween the two bodies and its much 
lasted numerical value are also 
A«ll known to us. Today, it has 
>ecome a basic tenet of physics 
5o, to rub it off everybody’s mind, 
IS a new investigation claims, will 
M a Herculean task. Reportinf in 
Vervre <260. April 1.76). O.R. Long 
of Eastern Washmsion Sute 

College, Washington, claims that 
the so-called inverse square law of 
gravitation is not valid for short 
laboratory distances. 

The law of gravitation, since iu 
postulation by Isaac Newton, has 
helped in formulaiing many 
theories that later proved esperi- 
menUlly comt. The greatest 
df all is the Kepler’s laws of plane¬ 
tary motions which are entirely 
dependent upon it. The study of 
satellites and planets has confirmed 
that the law holds true at astronomi¬ 
cal distances, say for 1000 km and 
ibove 

The doubt about the validity of 
ihe inverse square law first appeared 
ivl^o Newcomb explained the ano- 
nalles present in the motion of 


Mercury by a small modification in 
the framed law. However, his claims 
have not been totally baseless, for 
an interpretation of Einstein’s 
General theory of relativity docs 
indicate such a deviation at large 
distances, but not for short distances. 
The inverse square law, the theory 
claims, is true to the letter. 
Long's claim will take lime before 
they arc clearly understood by 
scientists. Whether his claims 
will be proved or disproved eiperi- 
mentally is another matter. 

Long's laboratory researches, 
done between the distances of 
4.5 cm and 30 cm. ull that the value 
of C varies with the distance between 
two bodies; the larger the distance, 
the larger is the value of G In 
other words, there is always a short 
range repulsive force acting between 
tvgp bo^es. As soon as they get 
closer, it comes into effect making 
the inverse square law invalid 
for that disunce. 

Long's finding hu yet to run 
through the gauntlet of subsequent 
experimental verifications. But, 
if it stands the lest, what repercu¬ 
ssions will it have? h bears serious 
implications oo quantum theory 
of gravity, on the interiors of the 
earth and the sun. to quote a few. 

D.M.S. 


Qto each other as in atom bombs. 

The special theo exple ined the ne- 
»tive result of the Michel son-Morley 
:xperimenl. The concept of the in- 
erchange of mass and energy also 
gtt^inedhow the sunattd other stars 
an continuously eject large amounts 
energy-—one of the riddles to the 
dassktl theory. 

(2caeril theory of relativity 

The Special theory of relativity 
applies only to those reference frames 
which a re in uniform relative motion 


with tfch other; in other words, 
those which have no acceleration 
relative to each other. However, 
actual motion in this universe 
is com^kated. In 1916, Einstein 
developed his general theory of 
relativity to tt ke account of accelerat¬ 
ed motions. From it emerged • 
few more important concepts and 
the correct explanations of a few 
unsolved problems. 

Suppose we are in a lift which is 
closed and we cannot see outside. 
Suppose the cable of the lift breaks 


and It starts ftfiing down towan 
the earth. Inside the freely fallii 
lift, we wilt feel no acceleration dt 
to gravity. !f we take a ball in o\ 
hiEkd and leave it* it will float and wi 
appear to be stationary relative i 
us. Actually it ts falling with \ 
with the Mme velocity and accelen 
tion. 

On the other hand, suppose we ai 
in a lift which is far away from a 
stars, in the intergalactic space, wher 
there is no gravity and suddenly sots 
unknown force starts pulling our III 
upwards with a constant acceic 
ration. In such a situation u 
will feel that the floor of the lift 
atirtcting us. If then we try to jum] 
we will "fall down" on the floo 
In this minner. Einstein showed thr 
gravity is equivalent to acceleratioi 
The three <Umensions of space ao 
one dimension of time had to k 
fused to give rise to a four-dimer 
lional space-lime continuum, whic 
is distorted by the presenceof matte 
The natural path of a body in th 
space-time continuum is called 
geodesic. So the mysterious concej 
or*>nionat a distance" vanishesar 
we say that every object, includir 
a ray of light, moves along 
"geodesic" in Ihe space-time coot 
Duum provided it does not underg 
collision with another body and 
not acted upon by electromagnet 
forces The geodesic in a region wi 



caughr Newton's atutuion hut growl 
o/ Q plant upwards against earth' 
gravity did not intrigue him at alt. 
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cpend on the pmeoce of nutter wis to occur in 1919 end a leam of 
i^t region. Tbus, • ^net novel scientUts headed by the British 
ouftd the sun in a particular orbit physicist A.S. Eddington studied 12 
ot because it is attracted towards stars ia the neighbourhood of the tun 
be sun but bccauM the path happens in Africa and South America. They 
3 be a geodesic in the presence of found that the deflection of a ray 
be suQ and other masses of the of light agreed with Einstein's predic- 
niverse. Whether it is a planet ted value. Since then, about 380 
loving round the sun, a star moviag stin have been studied during solar 
ithegalixy, ora ray of li^t coming eclipses. The rtiulu obtained are 
root a star to the earth, each object given in Table 2. 

I moving along a geodesic. Recent develo^nenta in radio 

It has not been possible to take astronomy have made it possible to 
ecount of electromagnetic phenomc- measure the deflection of radio 


solar eclipse fof theie msasureoktit 
The results, moreover, conflnn tl 
general theory of relativity. 

3. Ciravfrar/ona/ rad shifl. Acco 
ding to Einstein's theory*, tl 
frequency of the radiation emittc 
or absorbed by an atom in a graviu 
tional 5eld is smaller than that by a 
atom in free space. If we observe tl 
visible spectrum of familiar aton 
(such as hydrogen) coming from 
massive star, the familiar spectn 
lines will appear to have shifted t( 
wards the red end (longer wsvelengtl 
of the spectrum. This has been obier 
ed and experimentally conflnned. 

According to the general theory ( 
relativity, the sun's gravity doi 
reduce the speed of propagation ( 


on in a manner similar to that ado- signali passing near the sun with a any signal passing by it. RecentI; 

ted for gravitational phenomenon, greater accuracy, hloreover. one a group of scientists at the Jet Propu 

lirutein himself spent many years does not have (o wail for a total sion Laboratory, California Inititui 

f his litter life to construct a unified 

eld theory in which both gnvita- TaMe 1. Cemperlaea of theoretical and obeerved ccntemUal pri e eraloa of 


ioltti and electromagnetic field 
foM be accounted for by a new 
eometry, but without much success. 

pIsMary 

artim 

fTVBsasiM (seconds of an/ceatury) 

Einstein himself suggested three 
xperimentil tests for his general 

PteMt 

Revolutiofis 

parcantuiy 

Observed 

Calculated 

beory: 

Mcravy 

415 

43.n±0.45 

45.03 

1, The precession of ihe perikeiion 

VOMl 

149 

1.4 ^4.1 

1.4 

f the inner pUfftets. We have earlier 

Evtii 

100 

5.0 ±1.2 

3.1 

een that there is a discrepancy of 

Icarus (ao asteroid) 

to 

9.1 i:0.l 

10.3 


bout 43' of arc per century in the 


observed precession of the orbit of 
dercury and that calculated on the 
Asis of classical physics. The diffe- 


TaWe 2. DeBectka # ef a light ray freeing the an observed during total 
eeler tclipan 


ence has now been explained by the 
;eneral theory. Table I lists these 
«lues for some of the inner planets. 

2. The df/Ucthit ^ a Ughf ray 
•y the sun. When a ray of light 
offling from a distant star passes by 
he sun, its path is defected due to 
he sun's gravitational field, as shown 
n Fig. 3. just as a projectile follows 
curved path in a gnvitacional field. 
Ucording to Einstein's theory, this 
leflectioo comes out to 1.75*. 

In order to observe a ray of light 
^miog from a star and ptesing near 
he sun, it was necasaary to wait for 
i total solar acitpse. Such an eclipse 


Date 

Site 

>to. of stars 

# 



studied 

(in lecoods of arc 

May 29. 1979 

Sobral 

7 

I.9S10.16 


Prmdpe 

5 

l.4]±0.40 

Sepi.2l. 7923 

AuatraNa 

|]*|4 

1.77^0.40 


Australia 

18 

1.4210 3.14 


AualraHa 

42-85 

t.72±0.15 


Australia 

145 

l.82±0.20 

May 9 , 1929 

SwMtn 

17-18 

2.24^0.10 

Jase 19,1934 

U.S.S.R. 

14-29 

2.73±0.3i 


ISPtD 

1 

1.2Sto2.]3 

May 20. 7947 

Sr»ait 

51 

7.0l±0.22 

Feb. 25.1952 

*'Vbafl 

9-11 

1.7010.10 
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4 Teohfiotofy, UJ.A., OMiored 
use ilelays of mdar lifoilt leot from 
be earth to the artiflcia] wtellites, 
Partner end Marbur 7, and back 
0 the earth duriof the period March- 
uoa, 1970» when theie lateUitee were 
tear superior coi^unetioQ. The best 
eeulti were oblaioed oo April 28, 
!970, when the radar si|oals paned 
«ry close to the sun. The rctulU 
kgree within 5% with the values 
iredieted by the general theory. 

[W Mrs 

No theory is complete. In spite 
»r its luecessee, there are, however, 
ome threats to the structure of 
heory of laletivity. One of the 
hreats comes from the observation 
hat the *UQivenal constant of gravi* 
atiort' C is not really a constant, but 


decreases in tuse it a very slow rate. 
Recently, K.P. Sinha and C. Sivaram 
of the Indian Institute of Science, 
Bangalore, have suggested that there 
are two graviliea—one, a strong 
gravity measured by a coupling 
constant G(. and the other a weak 
gravity measured by the NewCon*s 
constant G. The strong gravity Gi. 
pUys an important role in atonic 
properucs of matter and remains 
unchanged, whereas the weak gravity 
G changes in time. According to 
Sinha and Sivaram. the two gravities 
(Gand Gr) were equal to each other 
at the moment of the creation of the 
univefK. Since then Gt has 
remained unchanged, whereas G has 
decreased in time. Further experi¬ 
mental observations will decide the 
future course of the thec 0 . 
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LETTERS (ContinueA from page Jd9) 


Tvtica 

Sir, In the article, It b the tva of 
he tvtias (S.R. Feb.. 197$). the 
luthor says that a turtle which is 
aid to have been grown by Capt. 
:ook in 1777 A.D. is stiU living in 
he Tongo Island. Again, the author 
vrites that turtles and tortoises are 
upposed to live for 300 to 400 yean, 
t is an absurd calculation. Guinness 
9ook of World Records (IVfA EdiL) 
*r any other book does not say that 
I turtle or a tortoise can live for 300 
>T 400yea rs. Actually, Capt. Cook’s 
urtle referred to by the author died 
m May 19, 1966. The longest 
uthentic recorded age of a tortoise 
I 152 years. It's a male Marion's 
ortoise (Tesrudo sumeirii). 

G.M. Natakaian 
Depn. of Natural Science 
Rj^ah Strfoji Goft. College 
ThanJafUT’dliOOS 


Netcrocyits 

$ir, Apropos of Blochemiftry of 
hetcrocytfs and thefr role In altr^sa 
ftxailon {S.R. Feb., 1976), I wish to 
point out how the tiansformation of 
normal undifferentiated vegetative 
cells into heterocysts takes place. 
Many workers have studied the role 
of heterocysCs in nitrogen fixation. 
They have concluded that in addition 
to the nitrogenase enzyme there are 
some nitrogen haiog genes (nif genes) 
also located inside the beterocysts 
which too are involved in nitro^n 
fixation. 

Prasanna K. Das 
Depa. ^ Botany 
D.A.V College 
Koraput (Orissa) 



Sir, Thank you for Blcnenbraae 


(S.R. Jan, 1976). Why don’t yoi 
publish an article on schis»phrenia 
elucidating its cause, orientatioi 
and cure? 

FaAViSH VBWA)4ATHAr 
Gkazi^rad (V.F. 

n 

Sir, I am a regular reader of S.R 
and find it quite absorbing. 

J would like you to publisi 
articles on sub-atomic particle 
like mesons, antiprotons, positrons 
charmed particles, etc. These article 
will be quite informative and lessui 
the burden of the siudeais of gather 
ing information frem various booki 

?.V. KUSHNA RfeDDI 
Gogineni Hoste 
Andhra Loyoia Cotlegi 
Vijay^oada-62000i 
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Nocletr radlitions indoo 
polyncriMtioii and abi 
prodace changes in poly merit 
snbsUoces. The elTects are ol 
great tedioologiail import 
iDce 


UCLEAR rsCiAlioiu tre of 
various types. Charged pertkle 
sdiations are alpha-lays (helium 
uclei). beta-rays (energetic elec- 
rons) and protons, etc. Neutrons 
re neutral particles* and gamma 
lys and X>ny$ are electro-magne- 
c radiations 

Sources used for gamma-irradia- 
ofl include natural (radium) or arti- 
daily produced radioisotope (co- 
alt 60) a nd electronic machines. In 
lachioe sources, particles (protons, 
lectroQS, etc.) are accelerated to high 
nergetic streams. The important 
purees are given in Table 1. 

IfTeet radiatlet 

When radiations interact with 
litter in molecular form, certain 
Sects are produced which are mainly 
hemkai in nature. These effects 


depend on the nature and energy of 
the radiations on the one hand and 
the nature of the irradiated substance 
on the ocher. 

The bisk mechanism of inteiac- 
tioQ of radiation with matter occurs 
through the interchange of energy. 
Irradia effects are: 

Excitaiicfi, An electron is raised 
to a higher energy level kading to 
the formation of an excited atom or 
mdecule. 

fonisatian. An orbita I electron is 
removed from an atom in the sub¬ 
stance and forms an ionised molecule 
or atom and a free electron. 

Atomic Ssplofemmd. An atom 
may be displaced from its normal 
positioD ini soHd substance forming 
defects. 

copnttt. The incident 
radiation may be captured by an 


atomk nucleus resulting in nuclei 
transformation. 

ScQtitring. The radiation may fa 
scattered by an atom or nucleu 
followed by emission of secondar 
radiations. 

The effect produced by irradiatk 
depends upon the amountof radii 
tfon absorbed, that is* the dose. 0 
the different types of dosimeter 
physical dostmeten work on tfa 
principles of formation of colour 
development of heat and ioniaatki 
etc., whereas chemical doeunetei 
measure the chemical change pit 
duced, for example, change of coi 
centration in a ferrous sulphal 
solution. 

Polypw'tMdttn by Irradladon 

A polymer is a large molecu 
built up by the repetition of imal 
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Cydotroa 
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Umw acatenlor 

lUdoa. 

Alpha^iyi 



limple, cbemictl uniu. Tht repeat* 
Qg u&it» the mofiomer, is the boilding 
slock of the huge molecuUr structure 
>f the polymer. In some cftses. rppe- 
tiiioD of the monomer unit is litkeir 
fonoing e long-chein potyner. 
while in others Xht monomer units 
nay be interconnected or ctoi^ 
linked to give a threadmensioiaI 
network polymer. Moreoveri all 
Ihe flkonomer units in the polymer 
:haifl may be identical as in homo* 
pkOlymers, or the chain may consist 
>f two or more types of monomen 
rorming copolymen. The length 
>f the pirfymer chain is specified by 
ihe number of repeating units which 
j known as the degree of polymerisa* 
ion. Examples of this are given in 
fable 2. 

Polymerisation of monomers can 
)e brought about through imdia* 
ion. The reverse pbeitomenoa also 
Kcurs when a polymer is irradiated, 
hat is, upon irradiation a polymer 
nay break up into smaller units. 
Both these processes are of iadui' 
rial interest. 

During early studies o( polymerisa* 
ioD. it wis found that when methyl 
nethactylate, styrene and vinyl 
icetate were irradiated high poly* 
ners were produced. This ridia* 


tion*ioduced polymerisation is a 
chain reaction in which the primary 
process of ionisation or excitation is 
followed by chemical changes. A 
mofkomer is converted into a poly¬ 
mer mainly through three stsges. 
Mmdy initiatioa, propagation and 
termination of the chain. The role of 


the interacting radiation it confined 
only CO the initiation stage following 
which the reaction proceeds inde¬ 
pendently. 


Meeha/fUm^ Polymerisation can 
be initiated either by a radical or by 
an iOA. The interaction of radia¬ 
tion with molecules primarily produ¬ 
ces ion and excited molecules, but 


most of the polymerisation processes 
proceed through the radical mecha¬ 
nism. These free radirais are for¬ 
med indirectly from the irradiated 
excited molecules and ions. When 
an unsaturated molecule is irradia¬ 


ted. it is believed that a free radical 
is formed at one end and a carbo- 
nium ion at the other 



An inkm as well as a free radical 
may also be formed by electron cap¬ 
ture in an unsiturated compound. 

The three basic steps in polyme¬ 
risation already considered. naznely» 
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initiatiofl* propagadoo and termina 
tioA cam be ouUined as follows: 

Initiation: ^ >A/V • 
(Monomer) (free rtdktl) 
Propagation: 

Tenninaiion: In homogeneous li 
quid phase, termination occurs b; 
the mutual interaction of two grow 
ing polymer radicals. This take: 
place either by combination (41 
meristtion) or by disproportiona 
tioii which consequently produces i 
'dead* polymer. 

The above mechanism sueceai 
fully explains radical polymerisa 
tion in the liquid phase. There ii 
another possibility, namely, that o: 
ionic polymerisation in the liquk 
phase. The mechanism for this car 
be represented as follows: 

initiation: M —+ e 
In this process, instead of formaiior 
of free radicals, ions are formed b) 
the action of radiation. The posi* 
tiveioQcan initiate polymerisation b) 
transferring a proton to a monomei 
or by adding onto another moiiomei 
molecule. 

Propagation: 

MM ... 

Termination: Termination follows 
this ionk propagation and may occur 
by charge or proton tra nsfer. Hence 
in presence of an tmpunty Xy the 
propagating chain may be terminated 
as follows: 

M .. ... Mm*i^X^ 

A study of radiation-induced poly¬ 
merisation has shown that nume¬ 
rous monomers polymerise upon 
irradieiioa even in the solid-state. 
Important examines of those mono¬ 
mers are vinyl acetate, isoprene, 
aerylonitrile, acrylamide, etc. 

The most important factor in 
solid-state polymeriaation is the pre¬ 
cise structure of the solid. Crystal- 
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Oft And AtBOffdlOtt* itAtAi sthOW Qur* 
ed difleretkCAS IQ tliii coanectioii. 
0 , even whe& cryittlline Aod tmor- 
how fornu of the utoe solid ore 
tAdiftted under ideoticnl condi* 
iMis, pronounced differences in 
olymerisitioo behiviour occur. In 
rytttlline solids, defects pliy an 
aportant role in polymerisAtiOD. 
r some kind of defect is present in 
he monomer crystal, it favoun the 
nobility of molecules and incitnses 
be rate of polymerisAtion. In some 
iher cases, defects present in the 
rystnl decrease the rate of termini- 
ion consequently inereasini the 
tolymerisAtion rate. 

The mechanisin of radiation-indu¬ 
ed polymerisation in the solid phase 
las not been established with cer- 
ainty. Prom available evidences, it 
eems that both free-radical and io- 
tic mechanisms occur depending 
ipon the monomer and the condi* 
ion of irradiation. 

The benefits obtained from this 
)roGesB can be summarised as fol- 
ows. The polyethylene formed by 
rrediating ethylene has got higher 
nelting point than the polyethylene 
)roduced by other device. Polyme- 
Jkyl acrylate whkb is obtained from 
rradiated methyl acrylate exhibits 
itgher (rubber*like) density than 
x)ovenlional polymer. On analysing 
:he overall results obtained in poly* 
ners produced by irradiation, it has 
been observed that net density of 
wch polymers is definitely higher 
\hin that of conventional polymers. 
Such an observation no doubt is of 
considerable importance in major 
fields of scientific developments. 
Now it has been confirmed that nearly 
ill organic compounds can produce 
polymers upon imdiation depend¬ 
ing upon the availability of reactive 
group in parent compound or in one 
of its d^radation products. 

Effad radteHon m pdyman 

The effect of radiation on poly¬ 
mers is of great biologial and indns* 
trial inttrest which has led to out¬ 
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Standing devek)|Mncnts in science and 
technology. 

When radiatioo interacts wiib 
poly men, the Ducromokcuks under¬ 
go irreversible physical and ehemicil 
changes to form different types of 
products. The main chemical chan- 
|es are crosjlinking. degradation, 
gas formation, and double bond 
formatioo. 


Crossttnking. If a vinyl polyroc 
(-CHf-CHi*). 11 imdiaied, it undei 
goes crosslittkifig to fonn [-CH| 
CH-k- This process is analogous t 
dimernatson. CrossUnking (Fig.1 
can be followed by locrease in tb 
viicosi^, molecular weight and tb 
degree of braiKhing. 

Tbe tDcchanism of cconlinkin 
(Rg. 2) involves Che rtipinre of th 
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BcnNCBBirom 


(I) In presence of onother homopolymer-BBBBB- 

-AAAAA- -AAA* + 'AA- 

homopolymer ruptured choin 

“BBBBB—-BB* + *BBB“ 

-AAA* + *BB-+-AA*+-BBB -^ - AAABBAABBB- 

BLOCK COPOLYMER 

(II) In presence of monomer C 

-AAAAA- -AAA* + *AA- 

C -CCCC - 

monomer polymer 

-AAA* + -CCCC- + *AA-*■ -AAACCCCAA- 

BLOCK COPOLYMER 


ide chain or removal of a hydrogen 
idical I( has been suggested that 
sually a hydrogen acorn from one 
loiecule O.Cm a hydrogen radical) 
amoves another hydrogen atom 
rom a neighbouring molecule giving 
iie to two radicals. These two 
ree radicals read with each other to 
Drm a crosslinked molecule. Those 
olymers having hydrogen atom as a 
Ltbstituenc in the main chain such 
s polyethylene, polypropylene, 
olyvinyl chloride, polyacrylonitrile, 
olystyrene, natural rubber, etc., un- 
ergo predominant crosslmking up- 
n irradiation. 

This process of radiation-induced 
rosslinking can be compared with 
Fie vulcanisation of rubber where a 
ulphur atom becomes attached to 
wo rubber molecules and forms a 
nk between them. 

Polymers having less crosslink]og 
ensity exhibit rubber*!ike elasticity 
whereas highly crosslinked polymers 
how more elastic modulus. Conse* 


mt 


quently, they are hard, brittle, and 
infusible as are phenol-formaldehyde 
resins. 

Otfrododoft. Upon imdiation, 
some polymers degrade into smaller 
units and other products. As irra¬ 
diation proceeds, the huge polyioer 
molecule becomes smaller and con* 
sequenlly the material loses its poly¬ 
meric property. 

Degradation predominates in 
polymen io which there is no hy* 
drogen but some other substituent on 
the carbon atom, bearing a side 
chain, as in case of vinyl polymers. 
The fragmented species have the 
molecular formula [CH|—C(CH^ 
R-]^. This is because the methyl 
group introduces a steric (relating 



BLOCK COPOLYMER 


to spatial arrangement of aloia 
strain into the molecule as a rcsul 
of which the C— bond in th 
main chain is weakened. The procet 
terminates in a main chain sdssioi 
Due to degradation of polymei 
there is a reduction in the tverai 
Dokcular weight, nt iDcchamu 
of radiition-ioduGcd degfadaiioaca 
be represented as shown in Fig. i 
It involves ionisation and cadb 
tion of inadiated molecules. Tt 
fractured products are unstable an 
hence undergo molecular retrranf 
ment to stabilise the new tt 
groups. Substances such j 
poly isobutyle ne. polyvinylidet 

chloride, cellulose, etc., nuderi 
severe degradation upon irradiatio! 
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* ^ ^ * of monomer B ’ * * * * * k * 

B 

B 

B 

GRAFT COPOLYMER 
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It may be said that none of the 
^reposed mechanism cun’ explain 
eUils of the actual reaction in high 
•olymers because the elTccts produ* 
cd by radiation are largely influen- 
ed by many circumstances. 

There are secondary effects pro> 
uced upon irradiation of polymers, 
iighly unsaturated polymers, such 
s natural rubber, tend to become 
:s$ unsaturated upon irradiation. 
*hereverse phenomenon, i.e.. increa- 
:d unsaturation is also observed in 
ertain polymers. Another radiation- 
educed effect has been reported in 
/hich a cor\jugaied system of double 
onds is developed in a polymeric 
ystecn. S uc K a process accou nts for 
he development of colouration incer- 
tin polymers when exposed to radia- 
on. During irradiation of poly* 
lers some trapped free radicals may 
)$o be formed which produce colour- 
tion. For example, polyvinyl 
hloride becomes coloured during 
radiation, the colour being yellow, 
reen or red according to purity, 
he irradiated plastics also exhibit 
change of colour. 

Another important chemical 
hange produced upon irradiation 
the formation of gas. The amount 
f gas formed depends on the nature 
f the polymer and also on dose, 
^mperature. type of radiation, etc. 
dr example, irradiated polyethylene 
rolves hydrogen gas whereas poly* 
obutylene produces methane, iso* 
Jtane and hydrogen. Main gases 
rolved from irradiated poly methyl 
lethacryUte comprise of carbon 
lOQoxide. carbon dioxide, hydrogen 
td methane. 


Block and graft polymtristiloo 

Stock polymerisation. If a poly¬ 
mer which ci>mmonly degrades on 
irradiation is irradiated in Ihe pre* 
sertee of u vinyl monomer, the chains 
of the vinyl pidymer grow from the 
ruptured ends of the main chain. 
The effect of radiation is to break the 
homopulymer chain producing free 
radicalsal the ends. These free radi¬ 
cals react with each other to form 
block copolymers having a definite 
arrangement of the two dilTcrcnl 
monomer unils (A.B) . Two cases 
of block copolymers arc shown in 
Fig. 4. 

Grt^l polymeriso/ioft. Polymers 
which undergo cross-linking on irra* 
dialion produce graft copolymers in 
presence of another monomer unit. 
Interaction of radiation with tlie 
polymer chain involves rupture of 
the side chain. HerKc. the process 
results in She formation of a free 
radical on the main chain which 
initiates the side chain polymerisa¬ 


tion of an added numomcr. The 
simple chains of block and graft 
copolymers can be rcprcsenicd dia- 
grammaticnlly us in Fig. 5. The 
mechanism cun be rcpresi'nlcd in 
outline as shown in Fig. 6. 

Formation of a graft copolymer 
by irradiation may also be accompu- 
nied by Ihe formation of considera¬ 
ble amount of homopolymers of 

B (i.e.. BBBB_). Hence, the 

monomer unit B must be prciicnt in 
less quantity for successful graft 
polymerisation. The dose required 
for grafting may be very low, since 
each radial an initiutc a teng 
polymerisation chain. 

There is another method for pro¬ 
ducing graft copolymers which is 
commonly known us (he peroxide 
technique of grafting. The process 
of grafting involves the irradiation 
of polymers in air which conseque¬ 
ntly forms a peroxide group. When 
a peroxidised polymer is heated in 
vacuum in the presence of a mono- 


STAGE. 1. -AAAA- -AAAA* or*AAAA* 

^ I I 

0 0 

0 0 

H 

PEROXIDE FREE 
RADICAL 

STAGE. 2. - 
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TaU* 2 


MONOMER UNIT 

H H 
I I 
C =C 

I I 

. H H 
Ethylene 

H Cl 
I I 
C*C 
I I 
H H 

Vinyl chloride 

0 

» 

R-C-NH-R 

Amide 


H CH, 

I I ® 

C-C 
i I 
H CO 
0 

CHj 

Methyl methocrylote 


CORRESPONDING POLYMER 
H H H H H H 

-c-i-i-i-i-i- 

I I I 1 I I 

H H H H H H 

Polyethylene 

H Cl H Cl 

I I I I 

-C-C-C-C- 

I I I I 

H H H H 

Polyvinyl chloride 


-[NH-(CH2)s-NH-CO-(CH2)4-CO]|7 
Polyomide (Nylon-66) 

CH, 

0 ® 

H CH,H CO H CH, 

I 1*1 I I I * 

-C-C-C-C-C-C- 
I I I I I I 
H CO H CH3H CO 
0 ^0 
CHj CHj 

Poly methyl methocrylote 


H H 

I I 

C=C 

styrene 


H H H H H 0 

I I I I I I 

-C-C-C-C-C-C- 
H(^H (^H H 

Polystyrene 


icr. free radicals arc produced on 
kt polymer cititin due to (he de« 
omposiiion of peroxide group. The 
rce radicals formed will iniUaie (he 


polymerisation of (he added mono* 
mer giving a gra^ copolymer. This 
process is more advantageous due to 
the fact that the grafting itself can 


be carried out at any time away froi 
the radiation source, so that the rls 

of hotnopolymer (BBBB.) foi 

maiioD is very much reduced. ' Hi 
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kdlatioti doses used ia this method 
r production of graft copolymers are 
uitc small. So. the general proper- 
es of the backbone polymer are 
ot a ffected to a ny ma rked exte nt a nd 
le form of original polymer may be 
Doserved in the process. The me- 
[lanism of peroxide technique can 
c represented as shown in Fig. 7. 
Graft polymerisation has certain 
dvantages: (i) there is an irKrense 
i the softening point of acrylonitrile 
'hen it is grafted on polyvinyl chlo- 
ide; (ii) when methyl methacrylate 
» grafUd onto polyethylene it forms 
harder, transparent and amorphous 
roducl, (lii} acrylamide grafted onto 
olyethylene gives a hydrophilic 
urhice which is printable; and (iv) 
tyrenc can be grafted onto poly- 
thylene and the resulting graft poly- 
icr Is a semipermeable membrane 
sed for sepamting salts from solu- 
ion (dialysis). This membrane is 
Iso useful for water purihcaiiort 
n textile industries, static electric 
harge is developed on synthetic 
ibres during weaving which produces 
erUin undesirable effects. Graft 
lolymcri.sation can reduce the freshly 
cvcloped static electric charge and 
Iso improve the uptake of dyes in 
sxtile fibers. Large scale research 
^ork has been carried out in this 
icld. 

tadlalioo prokclioa 

Polymers have also been found 
iscful as radiation protecting mater¬ 
ials. Various methods have been 
ievised to increase the radiation sta* 
ulity of polymers mostly plastics 
nd elastomers so that they undergo 
he least possible chemical change 
vhen exposed to radiation. The 
«sic principle of these methods ia 
he dissipation of incident radia- 
ion energy to some other chemical 
:roup in the molecule (internal pro- 
ectlon) or to some other added 
ompound (external proicciioo), as 
. result of which the main polymer 
hain remains unaffected. Poly- 
tyrene affords inleitml proteciioo to 

ULT 1976 


radiatioQ as the radiation energy is 
dissipiuted by its benzene ring struc- 
ture. On analysing the radiation 
stability of several chemical groups 
in polymers, it has been established 
that the benzene ring offers maxi¬ 
mum resistance to radiation energy. 

In external protection of poly¬ 
mers. the additives (referred to as 
protectors) operate through energy 
transfer, that is. they absorb the inci¬ 
dent radiation from the polymer 
leaving an unaltered polymer chain. 
These additives in turn may dissipi- 
tale the absorbed energy without 
undergoing any permanent chemical 
change or be modified in which case 
t heir reactivity cea ses. Secondly, t he 
additive may repair the radiation- 
induced damage in the polymer 
through radical-radical reactions in¬ 
hibiting the formation of polymeric 
free radicals and subsequent cross- 
linking and degradation. 

The effect of radiation on 
polymers Is of great importance. 


Radiation effects on the mof 
widely used polymers such as plus 
tks, rubbers, synthetic fibers, etc. 
have attracted (he alicntion not onh 
of industry but also of rcscarcl 
workers. Work on polymers am 
polymerisation is currently bcin; 
done at the Central Leather Rescarcl 
Institute, Madras and the India 
As$(x:ialion for the Cultivation u 
Science, Calcutta. Much progres 
in this field u foreseen in the nea 
future. 

Further reading 

1. Charlcsby, A., Atomic Fatiiatio 
ami Foiymcr.^, Perga mo n Pres: 
Oxford, 1900 

2. Kircher. J.F. and Bowman, H.I 
(Cds.), EJ}ifCls of Raiiiution o 
Matcnah, and Component, 
Rcinhold Publishing Corp.. Nc 
York, 1964, 

3. Swallow. A.I., Radiation Chi 
miury. Longman. London. 197; 
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INSULIN 


GLUCAGON 




HORMONES 


Both glucagon and insulin, the two hormones from pancreas 
participate actively in the regulation of glucose, fatty acid ani 
amino acid metabolism. Insulin may be regarded as a hormom 
of energy storage, whereas glucagon is viewed as that o 


r HE year 1971 marked the 
fiftieth anniversary of the 
iscovery of insulin, a much celc* 
rated event throughout the scientific 
^orld. Nineteen seventy-three mark- 
d the fiftieth anniversory of the 
iscovery of glucagon. The con* 
a St in the history of these two 
ormones originating from the juxta¬ 
posed ceils in pancreas^ could not 
«morc striking. 

Insulin was well aceepted as a hor* 
none even before its demonstration 
n 1921 by P.O. Banting and CH. 
lest of the University of Ontario 
Canada), which was heralded as a 
nujor breakthrough in biomedicine. 
)n the other hand, when two years 
liter J.R. Murlin and associates of 
he University of Rochester (U.S.A.) 
eparated glucagon from insulin and 
uggesCed its possible role as a gluco- 
egulatory hormone, they received 
ittle notice for tlicir efforts. The 
Iramatic impact of insulin discovery 
in the treatment of diabetes over¬ 
ha do wed the importance of gluca* 
on. In fact, for most of the ensuing 
iccades the hormonal status of 
lucagon was questioned, and not 
mtil the 1940s did it begin to elicit 
he interest of the researchers. Until 
he late 1960i, the importance of 
lucagon as n physiologic regulator 
nd as a contributor to eras a cause 
T disease seemed doubtful. 

The physiologic functions of 
lucagon arc now fairly delineated, 
t has been realised at present that 
lucagon, like insulin, is extremely 
mportunt in the moment-to-moment 
ontrol of the homeostasis of gtucose, 
mino acids and fatty acids. Cone- 
ary to the notion that diabetes 
aellitus is absolutely due to the lack 
f insulin, research of the last decade 
as underlined the contribution of 
lucagon abnormality in this 
y drome. 

)riglD and structure 
Insulin is secreted by the jS—cells 
nd glucagon by the cells of the 
ilets of Langerhans in the pancreas, 
'hese a re juxtaposed cells claboruUog 


energy release 


the hormones, and are distinct from 
the acinar cells in the pancreas res¬ 
ponsible for the secretion of digestive 
enzymes. Both insulin and glucagon 
are oligopeptides, the former compris¬ 
ing of 51 and the latter of 29 amino 
acid residues. The amino acid se¬ 
quence of insulin is given in Fig. I. 
Glucagon has been shown to have 
the following amino acid sequence: 
His-Ser-Glo(NH,>Gly-Thr-Phe- 
Thf-Ser-Asf^Tyr-Scr-Lys-Tyr-Leu- 
AspSer-Arg-ArgAladu(NHJ- 
Asp-Phe-Val-GIu (NH,)-Tyr-Leu- 
Met-Asp <NH,)-Thr 
Glucagon wes called the hyper- 
glycemk-glycogenolytic factor <H- 
G-F), a term that appropriately 
described some of its actions. The 
name *glucagoo* was given to the 


hormone by its discoverers, and i 
means mobiliser of glucose. I 
addi t ion, gl uca go n ha s been decisive) 
shown to possess gluconeogeni 
(^uconeogenesis means productio 
of glucose in the body from nor 
carbohydrate source) and lipolyti 
activities. Alt these effects of glues 
gon are in direct contest with thot 
of insulin—a hypoglycemic, glycogi 
me, antigluconeogcnic and antil 
poly tic hormone. Whereas iosuli 
may be regarded as a hormone c 
energy storage, secreted mainly durir 
the influx of exogenous nutrients, gli 
cagoD may be viewed as a hormor 
of energy release mobilising endoget 
oos stores of energy-yielding nutr 
ents. In other words, insulin me 
priDcipally be considered as a ho: 


Dr. Pal was formerly a Research Auociaie ia the Dcpulcnefll of Medicine, Univ. of Rechester School of Medicine. N.Y., U.S.A.; 
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FIs. 1 . AttlM uU sc^Bce of is«ilio 


(lone of aoabolism^ while gluctgOQ 
s a hormone of catabolism. 

Ubormooal control of nolriMt dia- 
osllloa 

The juxtaposed aod cell 
air may, therefore, be looked upon 
s a single bieellubr functional unit, 
'hrough the diametrically opposite 
ctions of its hormones, it controls 
tie movement of glucose, amino 
cids and fatty acids into and out of 
txe cells throughout the body in 
ccordaoce with the energy demand 
nd the exogenous energy supply. 
in optimum rate of storage of inges- 
id ^ucose in the form of glycogen, 
^hereby the blood glucose level is 
rought down to normal level after 
carbohydrate meal (Fig. 2), requires 
prompt and adequate release of 
isulln, the *liormo&e of energy 
lorage* and a rapid suppression of 
it secretion of glucagon, the 'bor* 
lone of energy release*. According 
) Roger H. Unger of the Umversity 
f Texas, Southwestern Medical 
chool Dallas, Texas (U.$.A.) (1971), 


when the two types of islet cells 
respond normally, the concentration 
of ingested glucose in extracellular 
fluid is remarkably confined to a 
narrow range, if we consider the wide 
variation in food intake from fasting 
to feasting. We have to take a note 
that if glucagon does not decline 
during the period of increased insulin 
secretion, the quantity of insulin 
released would not prompt as rapid 
a glucose storage, and glucose dispo* 
sal would be delayed. Reduced 
glucose tolerance characteristic of the 
diabetics may well be a consequence 
of the combined failure of insulin to 
rise appropriately and of glucagon 
to come down during hypergly* 
ceraU. 

In starvation when survival requires 
careful rationing of endogenous 
stores of energy, a pattern of bor* 
aone secretion activity is observed 
opposite to that after a carbohydrate 
OMal (Fig. 3). Secretion of glucagon 
rises whereas that of insulin falls, 
thus favouring glucooeogenesis for 
energy supply. It is remarkable that 


these changes are maximum durir 
the first week of starvation whe 
glucooeogenesis has been found to I 
maximum. 

Increased availubility r>r free futi 
acids <FFA> appears to have u qua I 
tative, if not strictly quantiutiv 
bihormonal response of the i$li 
cells similar to that of carbohydro 
ingestion. Hyperlipacidemia pr< 
duced by infusion of a triglyeerii 
emulsion is associated with a mode 
rise in insulin and a decline in gli 
csgon. Hypolipacidemia induce 
by nicotinic acid results in elevate 
glucagon secretion. Therefore 
appears that energy-providing lul 
St rales suppress glucagon seerctio 
just as they stimulate insulin seen 
lion. It is logical to surmise that i 
inc basal fasting slate, the u^e 
is **8ci'' to secrete glucagon at a hig 
rate, jusi as the p—cell is “set 
to secrete insulin at a low rate; tli 
influx of energy-yielding nutrient: 
such as glucose and HFA. inhibits th 
and stimulates the p—cclh 

The bihormonal response to a ris 
of plasma amino acids differs in situ 
ations. In norma! individuals, th 
ingestion of a beef meal is associate^ 



Fl|.2. RMgeaM bsaUa.gliKi 

f M and giecoM eoaetMntloe l« 
carbohydraU mml ki mtou 
•■ fefMil 




SCIENCE ftspoenj 


ot only with an iocrease in the clr- 
kilaiing insulin but also with a dm* 
latic rise in plasma glucagon. In 
iew of the opposite roles played by 
'le two hormones, the observation is 
Dmewhut surprising. However, 
Cher effects of insuin will help 
larify (he situation, insulin facili' 
ites the incorporation of ingested 
tnino acids into tissue proteins, 
lore over, it helps the transfer of 
lucosc from the extracellular com* 
artmenllothc intracellular com part- 
tent. This transfer is presumably 
lecessary to provide energy for pro* 
tin biosynthesis. Therefore, hyper* 
mlnoacidcmia may, in o sense, be 
egarded usu form of glucose need in 
lormal ci re urn stances. Release of 
ilucagon apparently prevents hypo* 
ilycemia incidental to insulin secre- 
ion during hypcni mi noacidemia, 
rhis view is supported by several 
vidences. First, contrary to pro* 
ein meal alone the infusion of 
[Iticose during a protein meal supp- 
esses glucagon secretion in normal 
ondition. Secondly, the results of 
rginine infusion study give credence 
0 (his view. A very dramatic rise 
n plasma glucagon during the first 
ive minutes of infusion of arginine 
at the nuc of 11,7 mg/kg body wl. 
)cr minute)and reaching peak at 40 
ninules is observed in normal persons 
n associatron with a parallel rise in 
nsuUn (Fig. 4). IX*spite a brisk 
lyperinsulinemiu, a prompt rise in 
>lood glucose concentration, averag* 
ng 16 mg/100 ml, is uniformly obscr* 
'cd, presumably as a cotucquence 
)t increased level of glucagon, 
'iowever, similar infusion of argioine- 
nduced hypoglycemia in a patient 
vith glucagon deficiency. Thirdly, 
he central role of alanine in gly* 
^neogenesis is consistent with the 
'lew outlined above. 

Although most dietary amino 
icids are gluconeogenic, according 
0 Philip Felig of the Yale University 
School of Medicine, New Haven, 
rOnrt. (U.S.A.), alanine is the 
irincipal endogenous precursor 
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accounting for most of the glucose 
produced from amino acids during 
siarvalion (alanine is formed in 
the muscle during starvation at a 
high rate by iransminauon of pyru* 
vate with other amino acids, which 
is subsequently transported to liver 
by blood stream for production of 
glucose. Reference: C/t/cost^ 

Alartinc Cyeie» Philip Felig, Mctabol* 
ism, Vol. 22. pp. 179-207, 1973). 

Glucagon concentration rises by 
approximately 50 per cent during the 
first few days of starvation, and this 
increase coincides with the period of 
maximum gluconeogenesis and the 
maximum extraction of alanine by 
I i ver. The admi nistration of a la ni ne 
to fasting dogs was associated with a 
very brisk rise in glucagon but no 
change in insulin secretion, a pattern 
that would encourage gluconeogene¬ 
sis. However, when dogs were in* 
fused with glucose, making gtuconeo- 
genesis unnecessary, the admini¬ 
stration of alanine was accompanied 
by 9 major rise in insulin but only a 
negligible increase of glucagon, a 
response that would minimise the 
rate of gluconeogenesis and perhaps 
direct the alanine into the muscle 
cell Therefoxe, it appears that the 
relative responses of the two honno- 
nes may partially influence the fate of 
exogenous amino acids either towards 
gluconeogenesis or protein biosyn¬ 
thesis and this bihonnonaI response il 


condiiioned by prior and curren 
carbohydrate availability. 

In subjects whose prior intake o 
carbohydrate has been sufficient, th 
concentration of insulin in bioO' 
relative to glucagon rises after 
protein meal, favourtitg the incoi 
poration of the ingested amino ncid 
into protein. In fcistcd or carbe 
hydrate deprived subjects, the reven 
is true. This is further exaggerate 
after a protein meal owing primaril 
to lack of insulin secretion. Tti 
secretion of glucagon without coi 
com] (ant insulin release woul 
acclerate the direction of the ingestc 
amino acids into giuconeogenic putl 
wa y 8. 1 n hea I th, the u« of endogci 





MINUTES 

Fig. 4. RMpocne of gUasa lanllB, glue 
gon aad gliKoM tooceatnuloa 
tbe bittelofl of irgbloc la oorv 
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US amino acids for glucose produc* 
on» with wastage of nitrogen in the 
>rm of urea, is probably minimum 
xcept when alcernative sources of 
lucose production arc not available. 

The bihormonal response to intra* 
enous administration of potassium 
1 dogs resembles to Chat of a protein 
teal in normal individuals, namely. 

parallel rise in both glucagon and 
isulin. The kaliogenic insulin 
^sponse is regarded as an important 
efense against hyperkalemia (rise of 
lasma potassium, which in extreme 
ises may end in cardiac arrest), ^ncc 
\ Us absence a large amount of ex¬ 
gen o us potassium is not temporari- 
; accomodated inside the cell, pend- 
)g excretion by kidney. Potassium 
iduccd hyperglucagooemir. on the 
(her hand, appears to serve as a 
leans of counteracting hypoglycemia 
icidenta! to insulin secretion. When 
otassium is given together with 
lucose, glucagon response is con* 
istenlly blocked. It has been pro- 
osed that the islets of Langerhans 
lay prov idc a n i nsta nt bu (fc r to acute 
hanges in plasma potassium. 

ssulin glucagon molar ratio (IjG) 

The long prevailing notion that in* 
ulin exerts certain mecaboiic actions 
nd that in its shortage, as in 
iabetes mellitus, it produces the 
dverse elfcet, does not hold true, 
t is now known that it is not 
oe absolute blood level of insulin, 
ut the insulin*glucagon molar 
itio (J/G) in the blood that deter* 
) i nes the * mome nt * to • moment 
omcostasis of glucose, amino acids 
nd fatty acids. Several investiga* 
)rs have clearly demonstrated the 


I/O 

0.4 

1.1 

S.t 

16.0 


opposing actions of insulin and | 
glucagon upon heputk glucose ! 
balance and adipose tissue fuel i 
balance. It is, therefore, evident 
that by varying the relative concen* 
tration of glucagon and insulin, the 
a-*and p—cells possess the biologi¬ 
cal capability of controlling not only 
the balance of glucose across the 
liver and of fuel across the adipose 
tissue, but a Iso of directing the dispo- | 
siiion of gluconeogenic amino acids, 
of both endogenous and exogenous 
origin, either into glucose production 
or into protein synthesis in accor* | 
tkince with the prevailing need. A , 
rise in l/C would promote storage of | 
ingested nutrients of all typcs;endo* | 
gene us glucose and free fatty acid 
production would be inhibited, and 
protein biosynthesis would be favou* j 
red. On the other hand, a full in 
I/G would favour the mobilisation 
of stored nutrients: increased hepatic 
glucose production from glycogen 
and from available amino acids would 
occur at the expense of protein syn¬ 
thesis, nitrogen balance would shift 
towards the negative with increased 
production of urea, and the release 
of free fatty acids and glycerol from 
adipose tissue would also increase. I 
In other words, a high insulin-gluca¬ 
gon ratio could favour nutrient sto¬ 
rage, while a bw insulin-glucagon 
ratio would favour mobilisation of ; 
nutrient stores and protein cata¬ 
bolism. 

There is now considerable evidence 
that the molar ratb of insulin to 
glucagon is inversely related to the 
prevailing need for endogenous glu¬ 
cose production. This point is illu¬ 
strated in the results given in Table 1» 


A ll the food we cat consists oi 
three basic constituents namely 
carbohydrates, fats and pro(cirw. All 
these are broken down into smallet 
components by tlic digestive systerr 
with the help of chemical substance} 
called enxynics atid harm ones tlun 
are produced by the bod\. CarbO' 
hydrates (or starches) which forn 
the bulk of our food arc borkei 
down finally into glucose. Glucose 
provides energy lo tlic body. 
However, tissues themselves cunnoi 
utilize glucose. Fur the uptake ol 
glucose by tissues and its subse* 
quent oxitktiion, u Imrmone called 
insulin is required. 

Insulin is secreted by ihcendocriiu: 
part of a gliind cell in pancreas 
In the pancreas there arc microscopic 
"Isluiids** called islets of Langer 
bans which arc scats of produclior 
of insulin. Rchvltvc or absoluU 
la k of iasulin in the hi^dy, leads U 
Diabetes mellitus or simply diabetes 
In this condition the glucose canno 
be utilised by the body and hcnci 
the blood level of glucose goes ver^ 
high and it also appears in the urine 
Diabetes mellitus has been knowi 
to Kuiminity sijicc ancient times 
In India, the ancient system of medi 
cine Ayurveda was aware of thi 
disease and muned it ''Madhumcha' 
because of the hoiicy-likc sweelnes 
of urine of the a HI ic ted person. 

The role of ptincreas as ihc under 
lying cause of diabetes was recogni 
sed in 1886, when Minkowesk 
and Ven Mcring produced diabete 
by total removal of pancreas in ; 
dog. 35 years later in 1921 Predric! 
Banting and Charles Best isolate' 
insulin, it was only in 1955 lha 
Sanger demonstrated the amia 
acid sequence of insulin moIccuU 

N., 


in which situations are listed i 
order of need for endogenous glucos 
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production after an ovem'shl fast io 
normal persons. After an overnight 
fast of a balanced diet, when the 
liver is producing glucose, the 1/G 
is above 3. After a three-days fast 
(starvation), when gluconeogenesis is 
maximum, it declines below I, where¬ 
as a^er a glucose infusion it rises to 
16: following the ingestion of a carbo¬ 
hydrate meal a ratio as high as 70 
may be observed. Therefore, the 
insulin-glucagon ratio of 'biologic 
equality', at which each hormone 
nullifies the action of the other and 
hepatic glucose balance is zero, must 
be somewhere between 3 and 70. 
Since the insulin-glucagon ratio 
necessary to achieve biologic equality 
is relatively high (above unity), glu¬ 
cagon seems to be far more potent 
ihun insulin on a molar basis. A 
small change in its concentration, 
therefore, would have a relatively 
large effect on glucose balance. 

The influence of the potent glu¬ 
coneogenic precursor alanine in the 
fasting state causes a fall in I/O, a 
"catabolic response." The same 
amino acid raises the I/O during a 
glucose infusion, an "anabolic 
response", so that it is spared from 
gluconeogenesis. A similar bihor- 
mortal relationship needed for glucose 
production has been observed after 
t protein meal. These observations 
explain the well-known "protein 
sparing action" of glucose. They 
ilso explain why sick persons respotid 
K> poorly to intravenous admini- 
itra tion of a m ioo ac ids, unless gl uco se 
s also provided to raise the l/G from 
k "catabolic" to an "anabolic" level, 
n addition, they partly form the basis 
or the isocaloric carbohydrate resiric- 
ion, currently in vogue as a means of 
veight reduction; increased excretion 
if ketones and urea would be 
:xpected as a result of a low I/O and 
Is failure to rise normally in response 
0 a protein meal. 

'urreot view ot diabetes niellitus 

The traditional view of diabetes 
lelUlus, and a view still held by most 


Symptoms 

HOUGH diabetes may appear in 
peraons of any age group, it is 
more prevalent in obese middle aged 
persons. In India it is estimated that 
for every known case of diabetes, 
there is one more which has not been 
diagnosed. Also, diabetes is more 
common among the urban people 
than in rural folks. 

The diabetic suffers from excess¬ 
ive thirst andhurtger.excessive urina* 
lion, weakness, repeated boils and 
other skin infections, delayed healing 
of wounds. They also may have 
smooth tongue and swollen gums, 
numbness in hands and feet and 
cramps in legs. In severe cases, 
breath smells of acetone. It may also 
bcas.sociated with arterial diseases. In 
females, there is excessive irrita¬ 
tion of vagina and even menstrual 
periods may cease. Urine test of dia¬ 
betics shows a high amount of sugar. 

In the advanced stage, it may lead 
to coma which may be due to two 
reasons: low sugar level in the blood 
due to overdoses of insulin and 
secondary factors such as excessive 
strain or low food intake. Patient 
becomes restless and feels palpita¬ 
tion and excessive cold sweating. 
This is called 'Hypoglyconic' coma. 

In the second case which is known 
as diabetic comma blood sugar is 
very high accompained by the presc- 


laymen, is that the disease is a rather 
simple metabolic disturbance result¬ 
ing from impaired insulin production 
alone. As clinical and research 
experience became more extensive, 
it was obvious that some factor in 
addition to impaired insulin secretion 
is operative in dia betas. This promp¬ 
ted inCeiest in the lovolvemeiit of 
glucagon in the human diabetes 
syndrome. The diabetic state has 
recently been categorised as a bibor- 
monal disorder. In addition to a 
total or partial hyposecretioQ of insu¬ 
lin ^ tlM there appears to 


of diabetes 

nee of ketones. It occurs mos 
in patients who have not taken 
insulin treatment. He suffers fre 
lack of appetite, nausea leading 
vomiting, drowsiness, pain in abd 
men, dry skin and mouth with b; 
breath, low blood pressure ai 
weak but rapid pulse. 

Diabetes may also lead to oth 
complications, such as defect! 
vision, neuritis, etc. 

Recently a new test has been tri' 
for early detection of diabetes mel 
tus. It has been found out th 
both insulin and glucagon, (he tv 
harroonus from pancreas, bind wi 
leucocytes of the blood. But on tl 
onset of diabetes, the harmonei < 
not bind completely with whi 
blood cells (W.B.C.) or leucocyte 
Ills achieved by administering insul 
and gl ucago n i nto the blood. Anal 
sis of blood is carried out to see wh 
ther the hormones have been hour 
with W.B.C. or not. 

It was found that nine out of (< 
who had diabetes in their famili' 
showed defective hormones bindir 
with W.B.C. 

if the test becomes complete 
successful diabetes can be prevents 
in persons who had it in their familie 
In such cases it can be corrected on! 
by ^ving preventive diet. 

N.I 


be an absolute or relative hyposuf 
pressibility of the a—cell to glucosi 
This bihormonal abnormality of th 
islets of Langerhans is expressed b 
inability to increase the insulic 
glucagon ratio in a normal manner t 
a reduced seed for endogenous glu 
cose production, I.e., following tb 
ingestioQ of food. la other wordi 
the diabetic is less able to convert Ih 
fasting bihormonal pattern to th 
normal post-pandrial "anabolic' 
pattern ai^ in a sense, the ratio i 
frozen at or near the nonnal bau 
"caubolic'* level. In the mild adult 
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ype diabetic who consumes a large 
arbohydratc oieal, the I/G may rise 
rom 3, for example to 7 or but will 
lOt approach the norma! maximum of 
0. A juvenile-type diabetic* in 
b^hom itLSttlin secretion is of course 
^possible will exhibit no change in 
/G in response to a carbohydrate 
neah A protein meal which in a 
londiabetic almost doubles the J/G 
atio will in the juvenile diabetic, 
ause a fall in the same ratio, a res- 
> 0 D$e not unlike that of a starving 
londiabetlc. After a beef meal such 
Atients exhibit a rise in plasma 
;lucose averaging more than 40mg/ 
00 ml This is interpreted to reflect 
he glycogenolytic-gluconeogenic ef- 
eel of the lowered I/O. Further- 
nore, the unexplained deterioration 
T the diabetic state, often observed 
luring infection or trauma, could be 
consequence of hypcrglucagonemia 
esulting from the elevated levels of 
lucagon-stimulating amino acids 
ntering the circulation from diseased 
reas where protein breakdown is 
ugmented. 

The nonsuppressibility of the dia- 
elic ■—cel) by hyperglycemia must 
lean that the total amount of glu* 
agon secreted each day is greater 
^an in noudiabetics. It is concelv* 
ble that the so-called ^'insulin resis- 
ince'* of the diabetic patient is a 
oasequence, not of some unidentified 
isulin antagonist, but ofanonsup- 
ressible glucagon secreting a—cell. 
*he presence of severe and absolute 
yperglucagooemia in patients with 


diabetic kctoacidusis may explain 
the enormous quantities of insulin 
frequently needed in the early phase 
of treatment of this metabolic synd¬ 
rome. When, at last, under the 
impact of massive doses of insulin, 
glucagon returns to normal level, 
the critical firrt phase of ketoacidosis 
is over and the patient no longer 
is insulin-resistant. While other 
factors may contribute to the insulin 
resistance of diabetic ketoacidosis, 
the role of glucagon excess may be 
important. 

Apart from the lack of suppression 
of «-cell by ingested or infused 
glucose, absolute basal hypcrglu* 
cogoncmia has been observed in 
some genetic diabetes. Therefore, 
it appears that, whether hyperglu- 
cagonemia is relative or absolute, the 
in diabetes is autonomous of 
glycemic control—a control which is 
rather dominant in oondiabetics. In 
view of this and of the fact that both 
a-and cells arise embryologi- 
cally from a common source the 
possibility that the •—cell autonomy 
of diabeticsi s primary and inherited 
rather (hau secondary to Ibe cell 
disorder, warrants serious conside- 
ralion. 

Coodasloa 

Glucagon and insulin, the two 
polypeptide bormones of diverse 
structure secreted rc^>ective]y by the 
juxtaposed a—and cells of the 

islets of Langerhans in tbe pancreas, 
participate actively through their 


opposite actions from fetal life unti 
death, in the momcn 1 -to-momeii 
regulation of glucose, fatty acid an 
amino acid metabolism. Indeec! 
it has been suggested iNul these iwi 
hormones plnv a mediating role i 
nutrient balance, determining th 
“amibtdic-caUiboltc'* setting of th 
organism. Available cvidenc 
supports the hypothesis that in dia 
betes meltilusborfi components of (h 
rt—cell couple function abnoi 
mally with respect to fuel suppb 
This is not surprising in view of th 
fact that despite the free uvuilabilit 
of insulin, diabetes still constitute 
a miiii'ir cause of death in the devc 
loped world. While insulin defic. 
cncy in diabetes should not be ovei 
looked, the cfTom in correcting th 
associakd glucagon excess migl 
provide an improvement of tliemp) 
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•ALLACY 

'he fallacy in the argument lies in 
ur assertion 

X>Y^log*X>log»Y 


This bolds true only when a>t 
When a<l (as in tbe foregoing 
prooO 

X>Y^ log 4 X<log» Y, i.e-, tbe 


sign of inequality changes whe 
logarithmsarc taken to a ba8e< i 
So the error lies in tbe assertio 
4>2-4log^4> k>gjl 
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MELTING BY 
LEVITATION 


Levitation Is no longer t 
mystery. Metallic masses can 
now be levitated In space In 
an induction coll for better 
casting 



L evitation ;$ no longer a 

subject of fiction at least for 
acta (lie materials. Many metals and 
Hoys are now melted routinely in a 
tate of levtulion for a wide range of 
iboratory experiments. 

....Oddly enough, it was made at 
sast by accident when Mr. Cavor 
Kist expected it. He had fused 
:>gether a number of metals and 
ertain other things and he intended 
a leave the mixture for a week 
nd then allow it to cool slowly. 
Jnless he had miscalculated, the last 
(age in the combioatioo would occur 


when the stuff sank to a temperature 
of 60® F....” 

**... .So soon as it reached a tempe¬ 
rature of 60" F and the process of 
manufacture of cavoritc was com* 
plele, the air above it, the portions of 
roof and ceiling and floor above it 
ceased to have weight....** 

By H.G. Wells, in The Fint Men 
in the Moon'. 

The idea of levitation has always 
fascinated the scientist and the lay¬ 
man alike. So much so that it has 
often been described as the uJtiiDate 
test of miraculous powers. Many 


saints became more venerable b 
cause they were said to be capab 
of levitation. In the realm of scienc 
however, levitation is no longer 
mystery. Although, nobody hi 
ever discovered Mr. Cavor's concoi 
lion, cavorite, which would not on 
become 'weightless itself at 6l 
P but would also make the su 
roundings weightless too. Leviutio 
of small volumes of metallic materia 
is now routinely carried out in mat 
laboratories. Masses as large as 
quarter of a kg have been levitate 
using electromagnetic forces \ 
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coc^nUnct gravliaiion. Levitation of 
electrirally nonconducting particles 
may also he achieved if they are 
adequately mixed with elccincul 
conductors. 

1 1 is ea^y lo conceive an arrange* 
ment where magnetic fields arc used 
to balance gravitational ri>rces. U 
is also said that a short bur magnet 
will float in a sui^reondacting leiid 
bowl (at below 18 K). When tlic 
metal is supca^omhictlng at very 
low temperatures it loses clectiical 
resistance and becomes diamagnetic. 

It no longer allows the magnetic 
hncs of force to puss through the 
body. As the lines of foa'C are re* 
pulsed, the magnet simply floats up 
(Sfi, Jan. 1976. p. 59). Such ar¬ 
rangement. however, would be appli¬ 
cable lo rrutgnctic muicriuls only. 

In this article we describe a tech¬ 
nique where metallic masses arc levi¬ 
tated in space in an induction coil. 
First ilevelopi'd in Germany, in 
1920, (his technique h find lag in¬ 
creasing applications io recent years 
in a wide range of metallurgical ex¬ 
periments. The technique is parti¬ 
cularly attractive for reactive meuls 
like titanium, zirconium, etc., which 
in the moiten state react with all 
conceivable container materials. 
Such reactions introduce impurities 
which adversely afTccl the properties 
of tlic above metuh. 

Tbe basic principle 

The basic principle of levitation 
melting is simple. The solid metal 
is melted by induction heat, which 
is produced by the eddy currents 
induced in the solid. The induction 
coil is supplied with an ultcrnaling 
current of radio frequency from as 
low as 10 kc/scc. to as high a$ 
400 kc/sec. The basic electrical 
circuit is shown io Fig. I. 

One needs a force to maintain the 
material at the axis and above the 
coil. This is achieved by using (he 
two coaxial coils connected in scries 
across a common capacitor so ai 
to constitute a parallel tuned loud 
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o the alternator. The cc’h are so 
vound that the direction of the cur- 
ent (AC» 600-'1200 A) in one, at 
iny given instant* h in opposition 
o that in the other. The current in 
hese fixed coils induces in the metal 
iharged eddy currents which internet 
/viih the radio frequency field, around 
.he coils, to give rise to lifting forces 
IB . well as lateral restoring forces. 
\ photograph of a levitated alumi¬ 
num sphere is shown in Fig. 2. 

StablUty of levitated mass 

Any eotsductor placed in an elec¬ 
tromagnetic field will move from the 
stronger to the weaker part of the 
field. For (evitalion the field stre¬ 
ngth must decrease vertically so ihiit 
ihe body can find a position on lift¬ 
ing where forces are balanced. For 
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bteral stability the field strength 
must decrease steadily towards lh< 
field axis so that it provides a res< 
toring force towards the axis. Such 
a field is obtained by using ar 
arrangement of colls shown in cross 
section in Fig. 3. 

The various forces acting on t 
mass of metal under a given arrange* 
ment may be calculated from theory 
Fig. 4 summarizes the main conclu* 
sioos of such calcubtioos. Th< 
figures also indicate experimeotalb 
determined values, which agree ver) 
well with computed data and show 
huw the lifting force on a solid meta 
sphere varies due to alternating mag* 
netic fields of two coaxial circulai 
loops, with current direction! 
opposed, and in the same direction 
respectively. The force indicates 
is along the common axis. 

Fig. 4a depicts a stable situation 
whereas Fig. 4b depicts an unstabh 
one. In the former, if the sphere ii 
placed at the axis midway betweei 
the loops and then displaci^ slightl) 
along the axis either way, a fom 
acts tending to restore it to the cen* 
tre. In contrast, in the arrangemem 
of pig. 4b, the forces would tend tc 
move the sphere fhrther from th< 
(Cottfitmtd on page 44S, 
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Past dynamism of earth 


rT took eunh billions of years 
L to mould itself from a ball of hot 
ases to the present mullicoloured. 
lultirarioos and multitudinous life 
nd environment. Indeed, the pro* 
i%%t$ that brought about the chan* 
Bs were slow, at times violent and 
lysterious. 

irlgiB and formation 

A gaseous nebulae condensed to 
>rni the solar system out of which 
irth was one (Origin of sedar system 
./?., Oct, 1^75). Not only matter con* 
ensed at a spot but also accreted, 
e., the matter from the surrounding 
pace was swept in to form the earth. 
i% the matter went on piling on its 
urface, gravitationally the earth 
ecame stronger to grab more matter; 
s a result it started getting hotter 
iside. The heat produced due 
) meteorite bombardment, and 
idioactive decay of uranium, 
horium, potassium that it contained, 
Aused the mterior of the earth to 
lelt. It led ultimately to the re* 
huffling of the materials. This 
nevitable development is called 
roil catastrophe. 

Molten iron and other heavier 
materials percolated down to the 
sntre of the earth to form what is 
nown as core, which it still molten. 


The lighter malcrial pcrcolutcd to (he 
top to form slag, that today forms 
the crust and upper mantle (the 
middle portion) of the earth. A 
phenomenon similar to the fraclio- 
nal crystallization of g^tscs then 
took place. The lighter igneous 
material, e.g., aluminium, silicon, 
alkali metals, which form the granite 
rock floated to the surface, while the 
basalt and gabbro rocks, which 
contain calcium, magnesium and 
iron*rich silicates, settled down to 
fonn the lower part of the crust and 
upper layers of the mantle. The 
only anomaly that Is seen in the che* 
mica I distribution of materials in 
earth is the presence of heavy mate¬ 
rials like uranium and thorium on 
(he surface. They should have been 
deep inside. This is not so because 
their structures do not fit in with the 
densely packed structures of the 
chemical compounds present in the 
core. As a result, these materials 
were almost squeezed out'* from 
the core to fit Into the widely spaced 
structures of the compounds lying 
at the upper layers of the earth. 

When did the ^'difTeremiation'' 
take place? Geologists are undecided 
about this. Some claim that it occur* 
red immediately alter the canh was 
formed while others think it happ¬ 


ened a billion years afterwards. I 
is ccrlain that the dilTerciitiatio: 
caused many other beneficial chan 
ges that favoured man's existence o 
what may have otherwise been 
dry, lifeless planet. 

The other change the shufiling o 
materials brought about was th 
evolution of various gasc^. e.g 
carbon dioxide, mclhiinc, watci 
gases containing sulphur, etc. Dui 
ing the formation of earth, thes 
gases were locked in at variou 
depths. While shuHling they bur^ 
forth through the surface in hug 
amounts. The cfTects the gases pro 
duced on (he curth while ejoctin 
out of the surface was analogou 
to iluU produced when water vapour 
bubble out vt rice porridge, makin 
the surface around the bubbles ris< 
So the face of the earth wore wrink 
ics. Plate (cctuiiic*i. muunUin foi 
nutioms and volcanic ticlivitics the 
began on the eurth. 

At this stage of the cvoluilo 
the surface tempemture of eart 
was low enough to condens 
water. Had the temperature bee 
high, the g]iscs would have formed 
gaseous envelope around it, ( 
allow the grecnhou.se cITcct to tak 
place. Earth then would not hav 
been what ii is today. It would hav 
been like Venus ^having a hot sui 
face and atmosphere, incapable c 
evolving higher forms of life. B( 
sides the temperature being hel( 
ful. earth's graviuitional pull was als 
as strong then as it is today. It ws 
able to hold to itself all gases exce( 
the lighter ones like hydrogen an 
helium. 

As the water condensed, It rains 
down on the earth. Calcium an 
magnesium of the rocks were erode 
by rains to mix with gases to Ton 
various compounds. There was 
continuous heavy downpour all ove 
the globe. This in conjuTWtion wit 
wind put the things on the surfiu 
of earth in right order. They acte 
like a broom to cle^tn the surface c 
debris, carrying it down to the bed 
of the oceans that were then forminj 
The rivers (hat we see today are t!i 
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b^estigcs of those prehistoric inodes 
yt transportation. 

Evolution of life 

The precise date when life appea* 
red on earth is difTicuU to imagine. 
We Itave to rely on what the fossils 
tell. Although orgcmic carbon, the 
basis of life, luis been found in many 
of the oldest fossils, its presence can* 
not always be attributed to the pre¬ 
sence of life. It might be a product 
of non-living chemicals. The oldest 
fossil is that of fig tree chert found 
in Swarilund, Africa, dated 3.4 
billion years. Bvidenco of algal 
life has been found to be about 2 
bill urn y^rs old. 

The environment of earth wlun 
life evolved was something like this: 
The atmosphere contumed mo.stly 
water, methane, ammonia and car¬ 
bon dioxide. Ii was midway bet¬ 
ween that of Jupiler which can even 
hold hydrogen and that of moon 
which cannot hold anything. As 
ozone was then not present in the 
upper si rata of ihc atmosphere as it 
is tod^iy, ultraviolet radiation from 
the sun scorched the surface of 
earth. It helped in the synthesis of 
t variety of organic compounds, 
e.g., amino acids. The next steps 
lhat led to the formation of nucleic 
acid and the '^making*' of life is not 
yet clear. They arc as unclear as the 
range of environments that were (hen 
present to help the processes, except 
that water w;is certainly avaibble. 

As life evolved on earth, ferst in 
cellular forms, then in differentiated 
forms, and later as higher orgj,n(sms, 
it bore its ciTcets on the surface and 
on Ihc atmosphere of the earth. Tlie 
evolution of life even helped in acce¬ 
lerating the evolutionary process I 
A good example is that of oxygen. 
As free oxygen in the atmosphere 
increased due to the photosynthetic 
ictivity of blue-green algae, it acce¬ 
lerated the evolution of lugher 
>Tganism$. in particular metazoans. 
These organisms, which need a small 
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quantity of oxygen for metabolic 
processes, have cells with different¬ 
iated characteristics. Even methane 
gas must have evolved then, it is felt, 
as it is a byproduct of a bocleria that 
produces marsh gas over swamps. 

All this happened in Proterozoic 
era (2 bill ion-500 million years ago) 
when bacteria, algae and other pri¬ 
mitive single cell-organisms were 
present on the land and in seas. 
At ihe end of that era, earth-moon 
system Iwtd became stable. The 
only difference between (hen and 
now is that tides those days were 
higher. 

The formation of animal shell in 
(he metazoans, which ts meant for 
protection and for holding muscles, 
has its own significance and bearing 
upon the evolution of the planet, 
its inhabitants and exterior dynamics. 
The shell-bearing animals populated 
the oceans, whereby the beds became 
filled up with calcium carbonate, 
calcium pKosplute and silica, 
which eventually formed sediments 
of limestone chert and phosphate 
rock. The lust one served as a good 
fertilizer for plants. 

Hereafter, by the end of Protero¬ 
zoic era, events took a dramatic 
turn that finally led to the present 
diversities on the earth. While the 
earth was populated by single-cell 
forms for almost 3 to 4 billion years, 
the metazoans became ramified into 
various invertebrate organisms with¬ 
in a few million years ami formed 
the major phytas. The vertebra¬ 
tes and vascular plants also became 
established and ramified themselves 
during the same period. How such 
a fast diverstfteation in living beings 
took place is not understood. The 
best guess for this biological evolu¬ 
tion is that oxygen, which then rose 
to the present level in (he atmosphere, 
helped it. By the coming up of 
Mesozoic era, i.e., 225 million years 
ago, all kinds of flowers, fauna and 
grasses had bedecked the earth. 
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Contlaeota) drift, cUmate aad nag 
Aellso 

The past glacial remnants and mag 
netic fields have enabled scientist 
to confirm that continental drift di( 
take place. 

The earth has been cooling for th 
last SO million years. During thi 
period it had many times undergon 
glaciations known as Pleistocene ic 
ages. Glaciations take place parti 
cularly when a continent is at th 
pule. The hc;it transfer, because o 
the presence of continent, somchos 
gets di^iturbcd and so heat is no 
evenly dUtribulcd Mhc glacials ad 
vance. It is however not understood 
why (he temperature of the surface 0 
the earth drops so low as to produc 
glacials but not a complete freeze 
over, 05 at (he equator the ocean 
remain as they are. The glacials \ 
the remote past have covered Nort. 
Europe, Asia and North America 
They also affected the homo sephn 
that hud evolved by then to get dit 
placed as the glacials advanced an' 
retreated. It Is about 100,000 year 
ago that the glacials luvc rclrcate 
to their present positions. Thi 
retreat, it is ckimsd, is a temp ora r. 
one. 

When a rock containing magnet! 
substances is healed and then coolet 
the magnetic lines of force get fre 
zen inside it along the direction c 
the earth's magnetism. So any roc 
bearing (he traces of magnetisr 
will tell the direction of the magnt 
tism of earth when it was frozen ix 
On this basis, it has been found Cha 
the magnetic poles of the earth hav 
drifted with the passage of limi 
This, in actuality, however, has nc 
happened. In fact, it is (he diiftin 
of the surface features nf the eart 
that has caused it The phenome 
nun of '‘like reversal of mag net i 
poles" that took place between th 
Proterozoic era and now is aUn 
buted to the instabilities in the flui' 
motion of the core. It is now beli< 
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red th&( the motion of the fluid in 
the core creates earth's magnetism. 

It is obvious that (he earth has 
never taken respite ever since it came 
into being, and it never will. It is 
>en>etually in (he $(acc of dynamic 
equilibrium -always exchanging 
mergy from its inside, to the surface. 


R adio astronomy is the study 
of the universe by means 
>f radio waves. Along with the 
'iSibte spectrum from (he stars comes 
I range of signals which are received 
»vcr the radio frequency spectrum, 
lome of these signals come from 
leighbouring objects like the sun 
nd the planets, others from vast 
!Osmic urupiions in the depths of 
pace. A study of these radio waves 
;ivcs a new look at the universe, 
evculs unexpected activity In the 
►uter layer of atmosphere of the sun 
nd furnish the first idea of the 
hape of (he galaxy of which the sun 
orms a minute part. The informa* 
ion which is collected in this way 
loe s not su p pta nt b ut su ppl cme nt a nd 
I complementary to what is learnt 
ly optical astronomy. 

The basic methud of observation 
i to take a sensitive aerial system, 
isually a parabolic reflector with a 
mall pickup aerial at the focal 
oint. This is connected to a highly 
ensitivc receiver and the output is 
ecorded on a pen recorder. If 
Q object ernitting radio waves passes 
hrough the beam of the antenna, an 
acrcase in signal is observed. The 
ridth of the signal gives information 
n the size of the source and the way 
4 which tlic signal varies over the 

idio frequency range suggests the 
lode of origin of die signal and 
ecide whether the signal is generated 
s plasma type oscillations or synch* 
atrontype radiations. 

Large optical telescopes produce 
ctailed pictures of distant celestial 
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to the seas, and to its atmosphere, 
and conversely from the sun to i(s 
surface and inside. Raymond Siever 
put all this aptly in Scifnrific Ameri* 
cen (Sept. 75) —'*On the earth still* 
ness cs remarkable for iu rarity." 

Dili? M. Salwi 


objects while in radio telescopes the 
shape and sizes of all objects smaller 
than the sun or moon are completely 
lost in the blur produced by (he 
radio waves. On (he other hand, 
things that arc not seen by optical 
telescopes can be revealed by radio 
waves. The muin diflkulty. how* 
ever, is to sec a reasonable amount of 
details in (he sky with radio obser* 
va lions. The amount of details that 
can be seen by an optical instrument 
such as a telescope is determined not 
by the carefulness of the dc^fgn but 
by the wave nature of light. The 
larger the apciture of the (elescope, 
the smaller is (he blur produced and 
betKe greater details can be seen in (he 
sky. In the sky few distant stars can 
be seen) i kc points. The energy from 
each star is emitted as waves in space 
and part of this arrives at the earth 
in a procession of plane wavefronts. 
In a plane wave the electric or magne¬ 
tic field of the radiation from the star, 
in any plane normal to the direction 
of the star, has the same measurement 
at any point on the plane. Optical 
telescopes are capable of collecting 
energy from nearby stars and simul¬ 
taneously recording it on photo* 
grapluc plate. The radio telescopes, 
because of their small aperture, can 
not do this and in fact can record 
only one region at a time. Hence in 
addition to low resolving power, 
they are deficient in gathering infor* 
maiion compared with optical 
telescopes. 

It is, therefore, necessary to devise 
new types of radio telescopes that are 
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not the analogous of optical teles* 
scopes. The first development in 
this line is (he use of two bci<tn inlc^ 
feromeicis. If a source of emission 
in the sky is scanned by a slit then a 
curve Is obtained which shows the 
one dimensional brightness across (he 
source as a function of scanning 
angles. This brighencss curve, like 
all continuous functions, arc in turn 
represented by a Fourier series ol 
brightness fuirmunics. These bright¬ 
ness harmonics are determined by 
observing the source with two antennt 
inlerfcromeler, the different fuirmo- 
flics being determined by changing 
the length of the hascMiicof the inter¬ 
ferometer. The inicrferonicler does 
not have the scnsiiivity of the large 
poraboloids, bul it has high resolving 
power on discrete sources. The 
resolving power being a function of 
(he base line distance and by making 
this several thousiimls of feet, the 
angular diaincler of radio st^urces 
may he measured down to seconds of 
an arc. 

The two dimensional brightness 
distribution over the source can be 
found by determining the brightness 
harmonics over a complete angular 
range of scanning angles followed by 
the Fourier tfun.sft)rmiiiion of the 
field. This method lias the advan¬ 
tage of making (lie aperture of the 
telescope large, resulting in high 



*Tow coutd iocarc Saturn rings, hut 
you hoye not yet found my ring that i 
dropped in the kitchen.*' 
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^solving power. This process is eco- 
omical one os two small oniennas 
^rm the minimum requirements and 
rovide image of a whole region of 
kyand not one point at a time. The 
min disadvantage of this telescope is 
uit it takes many nights of observa* 
on to complete the synthesis of the 
:lcscope upcriure. Another impor- 
mt development is the use of earth's 
)Uttion to synthesize a two-dimens- 
»Tial antenna from a linear one. 
»u ri ng the da y ccicst iu 1 bodies a p pea r 
) rotate in angle with respect to the 
irlh's horiron. Hence the telescope 

not shifted but the responsse of the 
(lescopc is adjusted to follow a 
:gion tn the sky for several hours. 
^ mb ridge earth rotutiorutl synthesis 
istrumcnt mimed *Supcrsynthcsis* is 
ne such example. 

The output of any source is 
ifferent in wave shape from that of 
ny other source, i.e., it has its own 
3dc. Reflector radio telescope 
takes use of the ceding of the signals 
ut it adds to it any other signals 
ke receiver noise that arise from 
>urces with different coding. Jn a 
^rrelalion telescope signals are 
>llcctcd from two different parts 
r a wave front and only the signals 
'hich have the same coding are 
cccptcd. In the cross telescope the 
:>llecting system consists of two 
arrow strips at right angles to each 
thcr, One collects energy from a 
j'ipof sky inone direction, the other 
•om a strip at right angles. The 
nly place in which the same source 
'ill be seen by both halves of the 
'lescope is in the interaction of the 
#0 strips. Hence the response of 
ic cross is only in this small central 
(gion where each part of tlie antenna 
sccives the same coded signal, 
'hus the cross with relatively small 
rea has the resolving power of a 
irgc aperture. In this way a fixed 
earn is obtained pointing in a given 
irection in the sky, and is an extre- 
icly useful device for survey pur¬ 


poses and for delecting the position 
of extra-galaclk sources. A different 
type of antenna is also built with a 
combination of a cross and the grating 
type telescope. The latest of the tele¬ 
scopes designed is the ring antenna, 
known as radio heliograph, which 
comprises of a ring of paraboloids 
along a circumference. By an inge¬ 
nious device the ring of antenna is 
made tu have the angular response 
of a huge aperture of the classical 
telescope type. 

The receivers used in radio astro- 
mimy are of conventional design but 
arc built to be of highest possible 
sensitivity to integrate the signals 
over an appreciable fraction of time. 
However, recently masers and para¬ 
metric amplifiers have been built 
having an improvement in sensitivity 
over the old receivers and thus 
increasing the potential of radio tele¬ 
scope systems. 

Most of the recording of radio 
astronomy signals is done with 
conventional pen recorders. How¬ 
ever. with giant telescopes the rate 
at which information Is collected 
ts so great that analysis and 
reduction of the data present a 
formidable problem. The output 
from these instruments wilUherefore 
be in digital form, and the analysis 
of the data is to be carried out aitlo- 
matically by elcclromc computers. 

The exciting investigations carri¬ 
ed out in radio astronomy is 
surveyor the radio sources in the most 
distant reaches of the universe. The 
results from this unexplored region 
are used to decide between the two 
outstanding theories of origin of the 
universe namely the ‘big bang’ theory 


T he other day, an Iranian 
national residing in Hyderabad 
phoned me to find out the exact 
time of Vernal Equinox in 1976. It 


of Lemaiire and the ^steady stat 
theory of Hoyle. According I 
the first theory the whole of tl 
material in the universe was oiv 
concentrated in a smalt volumi 
which later exploded and has sine 
then been expanding at an increasir 
rate. Hoyle's theory postulates ilu 
matter is continuously being create 
throughout the universe. Anotht 
investigation which contributes t 
the knowledge of the solar syst^i 
is the direct exploration of lli 
planets by space vehicles. Tb 
power radiated from these vehicles 
cxcccdijigly small and only Ih 
largest telescope is ctipablc of rccc 
ving them, and giving the first dirct 
information about conditions of th 
surface of these planets. Marti 
Ryle of the Cavendish laboratory 
Oxford, using the technique of apc) 
tu rc sy nthes i s fi nd s t ha t the nu mber c 
radio sources appear to dec rea s 
with distance from the eartl 
Their observations supported th 
‘big bang' theory of Lemaitr 
in contrast to the 'steady stan 
theory of Hoyle. While study in 
the rapid vibrations of distar 
signals with radio telescope havin 
an array ofdipolcs capable of shone 
exposure, Anthony Hewish, also c 
Cavendish laboratory, noticed tha 
ohjerts in certain parts of the sky ar 
sending out regular pulses of radt> 
waves at an interval of one half t 
two seconds. These are know 
as pulsars and He wish interpreter 
them as signals coming from sma! 
celestial bodies that are spinning 

Dr. S.K. Kundi 
Prof, of Physic 
Reg. of Education, Mysor 


is a pre-Islamic Aryan custom ii 
Iran to celebrate their Nav Roz a 
that particular moment of time, 
informed him that, according to thi 


On the time of vernal equinox 
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ikiiUted qActtcm, (he Venal 
42IUOD1 (V.&) n 1976 fiUi oo the 
Mb Maicbat 17:20 Ittlka StoiKkrd 
ine (LS.T.X 11:50 Oraowkh 
Idui Ttnm (G.MT.X On heeriof 
lift he me eomewlut ftiiipiueti. 
Mine the V.E ii tnditioiiftlly 
ftppo ftft d to ftd on the 2]ftt of Mirth. 
Vhtn I expliiaed tint the dite hid 
(lifted beck by one dey beciuie 1976 
eppeu to be 1 kep yeir, which his 
9 diyi in the mooth of Febniify. he 
ms ntiificd. ActuiOy my expli* 
itioA ww only pertly conttl, 
Mine the time of the V.E. venei 
rom ycer to ycer ie e more compli- 
iCed iDinoer. The purpoie of thii 
rtide it to deKribe thit veriition 
od cxpleia how the Gregorien 
)ileiidir hift kept it in the 
eighbourhood of Mirch 21. 

The verietioa lo the Q.M.T. of 
^£. ernes from the fact thit the 
ime nqu$nd for the sue to move 
rom one V.E. to the oext ii roughly 
65 days, 5 hours. 4S minutes. 45.8 
eooodft. li is the length of whit it 
jwwn IS the tropical <FesJi) year, 
e., the year of the seesoos. Consc' 
lueatly the tioieft of V.E. for the next 
ew yeen would he: 

977- March 20. 17 : 39- GMT 

978- Miicb 20. 23 : 28 GMT 

979- Mefch 21. 05 : 16 GMT 
*hey are sbowik by opeo circles in 
he upper pert of the Fig. (. It 
my be poicttcd out here that the 
>bove times ere likely to be off by 
I few mieutei (Ices then 12) either 
vay» because we hive not Uken 
nto aecoata the minor varietions 
mued by the tKecXs of nutation and 
daiKiery pta cess ioiL We shall 
oatinue to neglect them ta further 
Itaaimioaei we arc more concerned 
vitb the meea values. 

Continuing in the above meiioer 
he time V.E. in 1980 would be 
(■larch 21,1*1:05 OMT« as indkaied 
>y Ihe end point of the dashed line 
n the hguce. However. 1980 bei^ 
i kep peer itf 366 days Includiag 



February 29. the V.E. will fall on 
March 20 it 11:05 GMT in 1980. 
Thus the kep year brings the V.E. 
backward by one day as italicated 
by the dashed arrow in the figure, 
liie step*wise variation of V.E. from 
1976 to 2003 is deleted in the upper 
part of the figure. 

If we now take the means of V.E. 
times for each four-year period 
1976-79, \99M3y etc^ we obtain the 
filled circles ia the upper pan of the 
figure, which show that the mean is 
fiitrly constant around March 20. 
11:11 OMT at present. The intro- 
ductioB of kap years serves to keep 


the V.E. time fixed to s ceruir 
extent. But from the figure it is als< 
obvioits (hat the mean is slowly slip 
ping backward from March 20 
20:33 GMT in 1976-79 to March 20 
16:48 GMT in 20002003, or. appro 
ximately by 45 minutes in four yean 
This is so because the four civil yean 
including one leap year, are equal t 
1461 days while the four tropical yea 
rs are equal to 1460 days, 23 houri 
15 minutes, 03.2 secorwls. It wa 
only to offset this slow, back war 
slippage of V.E. away from March 2 
that Pope Gregory Introduced hi 
calendar reform. 
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la tbe Oregorian calendar oaly 
h^K eeiituriee, tbe fifurei of irfiich 
ire dtvUible by 4, ere taken as leap 
rean, c.Co 1600,2000, etc., wliife the 
>ther centuries with their fifures not 
livisible by 4, such as 1900, 2100, 
»tc., are not taken as leap ytan. 
rhe effect of this refonn on the mee a 


lime of V.E. is shown in (be lower 
part of the figure. Here the tnarch 
Df the 4-year meani over centunee is 
lodkited by the continuoui arrows. 
It takes into account the effect of the 
leap years. In the 1900*1903 period 
this mean was at March 21, 10:47 


QMT, and since the cycle of leap 
<ears it not broken for two ceotunes 
ipto 2100 A.D. the mean continues 
o drop reaching at low a value at 
^arch 19,22:04 GMT for 2096-2097. 
If we bad continued in the same way 
he mean would have become March 
19, 21:19 GMT for 210O-2IO3. But 
lince 2100 is not taken as a leap year 
ve get a jump of one day bringing the 
nean to March 20, 21:19 GMT for 
hat period as indicated by the verti- 
ail dashed line. After this adjust- 
neat the backward movement of the 
nean time of V.E will continue for 
>ne century until the same step—jump 
>f one day would occur in 2200 A.D., 
ittd a repetition of this adjustment in 
1300 would hoally bring tbe meau 
ime of V.E. to March 21, 07:51 
3MT for the period 2300-2303 as 
hown in the figure. The step-wbe 
ariation of the mean time of V.E 
vould follow tbe ttme pattern in 
ach successive 400 years period 
1300-2700, 2700-3100, etc. 

Let us now take the grand mean for 
he 400 yean periods. In the ceie 
the period ]90tV2300 it is found to 
le March 20,15:32 GMT centred at 
:I00 A.D. and for the period 2300- 
:700 it it at March 20, 12:37 GMT 
entred at 2500 A.D. These grand 
aeansare shown by large dtdes with 
entral dots in the figure. It is teen 
Pat even in the Gregoriao calendar 
tie grand mean it slipping back by 2 


hours and 55 minutes in each 400 
year period. Consequently we will 
have to inlrodoce another correction 
for bringing the grand mean of V.E. 
time back to March 21^} day. 

Backward calculation shows that 
the grmd mean time of V.E. was at 
March 21, 121)0 GMT around 700 
B.C. Siiniliriy the forward extra- 
polation would make it March 20, 
12:00 GMT arouml 2600 A.D., i t.. 
t shift of one day in 3300 years. 
After 2600 A.D. the grand mean time 
of V.E would be more Chan 12 hours 
behind March 21, 00:00 GMT. 
This can be avoided by dropping the 
year 2800 A.D. from the list of leap 
years although it represents a century 
with its figure divisible by four. A 
slotilar correction will have to be 
applied apin in 6000 A.D.. 9200 

A. D., etc. For the past, the years 400 

B. C.,3600 B.C.,etc.,would not be leap 
years. The formula could be written 
as: If for toy century the number 
(century figure +4) is divisible by 32, 
it will not be a leap year. However, 
it may be pointed out that even after 
applying this correction the overall 
mean time of V.E. would still con¬ 
tinue to move beck by about 44 
minutes in 3200 ysari, oecessiiating 
a further correclIoD, but only after 


along period of about 100,000 year 
We have now seen bow the Or^ 
rian Calendar and the above txh 
correction keep the grand mean tio 
of V.E between March 20, IIK 
OUT and March 21, 12:00 GM: 
But if we consider the actual vara 


tion of V.E time we should tak 
into account that: (i) the 4-year mea 
can differ from the grand mean b 
±18 hours and (ii) the yearly valv 
can differ from the 4*yeer mean b 
±9 hours. Hence tbe actual tin 
of V.E. in a given year would difft 
from the grand mean by as much a 
±27 hours during the whole cyd 
of 3200 years. U may be foun 
anywhere between March 22, 15KI 
GMT and March 20, 09:00 GMT i 
the beginning of the 3200 year cycl 
and anywhere between March 21 
15:00 GMT and March 19, 09D 
GMT at the end of the cycle. Ourtn 
the 400 years from 1900 to 2300 th 


V.E. time would lie between Marc 
21, 19:00 GMT aivf March 19 
13:00 GMT. hence we should not b 
surprised if in a given year durin 
that period ttoccun on 19th. 20Ch o 
21sl March. 


K.D. AaKYANKAl 


Astronomy DepU 
Osmania t/n/r., Hyderaba 


Anomalous natural reactors at Oklo 


T he Okie phenomenon, which is 
named after a uranium ore 
mine in Gabon in West Africa, is of 
eonsidenble interest to geologists, 
isotope-geo c hemists sod reactor 
physicists. It has been found that 
nucknr reactions cook place there 
within the Qranium-rich ore for a 


period of at least 100000 years, some 
1800 millions years ago. 

It ia a familiar fact that, of the two 
priaeipal isotopes of unnium which 
are radioactive in naiare, unuttm-235 
has a aborler half-Ufe than urdnium- 
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238 (7.1X10* years apinst 4.51 x 1C 
years). Consequently, the coacen 
tration of ureatum-235 in natura 
unnium steadily de c rea s ed with th 
passage of time. In the remote pas 
it was much higher than it is nos 
(3.65% two thousand millioa year 
ago aplnst 0.72% now). A roudn 
analysis of uranium at the Peirrelatb 
Laboratory in France showed a sligh 
isotopic anomaly in the ore—the coo 
centratioD of fissionable nuclei wa 
found much below the normal 
Uranjum-235 hit a concentration o 
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I Uttle 41 0.29% u compand with 
w 0.72% foufld io nttorti aniijum 
f nonul isotopic conpositioiL 
lut by the time this c»me to Dotko, 
irge Qui&lities of the ore h4d been 
ii^i^ to the nucleer industry* 
liw fission products found in the 
re cietrly pointed out the orifio of 
Se nnomsly. In the remote pnsC 
Bsion chain reactions were trinered 
ffspootsneousiy within the urmnium 
eposit, and so psrU of the deposit 
live behaved like a modem nocknr 
eactor for hundreds of thousands of 


ears. 

The total mass of the ore, where the 
eaction took place, comes to more 
lian 500 tonnes of uranium. The 
uantity of energy it must have 
eleased comes close to 100 x 10* 
Wh. The integrated neutron flux 
t some points exceeded 1.5 x 10*^ 
leutrons/em*. 

The nuclear reaction mechanism 
^hkh allowed attainment of such 
ligh rates must have been quite 
xceptional. The state of preserve- 
ion of the Tossilized nneter me- 
ors* is. however, another of its 
emarkable aspect. The uranium has 
etained its configuratioo from the 
ime of the reactions so faithfully 
hat it indicates an exceptional con- 
unction of various drcumstances, 
.g., the local high coneentntion of 
iranium, an “enrichoient** to over 
1%, the abseiKe of strongly neutron 
bsorbing matenals and the presence 
if water as a modetetor. These 
our circumstances, It is ctaimed, 
live a finite probability to trigger off 
he fission chain reaction iponiaiie* 
»usly within the uranium deposits in 
he remote put Even if such pheno- 
Denon had occurred and even if in 

ome Cl tes there had been mechf niiras 


liuch permitted the itnetiou to 
ontinue until the isotopic composi- 
ion of the uranium had ebanyd 
lignificantly, most uiaaium deposits 
vould have been consukrabty modi- 
M over Che ages with the p mae ac e of 


water. One astuoptioii which 
appears to be best supported is that 
the reactivity was regulated both 
through the presence of neutron 
absorbing materials which were used 
up (the mac method is emf^yed 
ift our present power reaclon) and 
through variatioiB of the aooujit of 
water in the uratuum ore with (he 
power devdoptnent in the reaction. 

In the Okk> geochemical environ¬ 
ment, during the past ISOO million 
yeaia. the fission product elements 
which migrated significanlly were 
Kr, Xe. Cs, Sr, Be. Mo and I. The 
migration of nuclides at Oklo is a 
problea of geologkal storage of 
radioactive waste. Two of the 
mobile elements, Sr and Cs, are 
important from s nuclear waste- 
storage point of view as they cause 


dama^ to living orpnism It hss 
been found that the mobility of Sr 
was not sufficiently great as lo result 
in its total displacement. It is possi¬ 
ble that the rale of disposal was 
sufficiently low with respect to the 
hatf4ife of **Sr (29 years), Ihst little 
or fko ndioactive strontium escaped 
to the reactor zone. 

A part of (he deposit Ihst yields 
anomalous uranium has been re¬ 
served for further scientific research. 
The numerous Tracers* emanating 
from the nuclear rcaciions will be ol 
much use in the study of geological 
history of the episode. 

K. Venkata Ramania^^ 
Laboratories for Nuriear Researd 
Andhra Vnhersity 
WiiUah 


Some proteins are sweet 


L ittle is known of the molecu¬ 
lar basis of either taste qualities 
or intensity of various taste stimuli. 
Tbe recent application of artificial 
sweetening agents to new diet foods 
hat rrveakd that there arc several 
iioutlng qualities to tbe presently 
available swe etner s (saccharin, cycla- 
mates, aspartame, etc.). Several 
research approaches were used to 
find a superior sweetner. One 
approach used was screening 
tropical plant matenals for intense 
sweetness. 

Sweet compounds exhilxt a wide 
vark^ of stnictures and until recently 
H was not known that a protein could 
also have a sweet taste. Proteins are 
polymers of amino acids. All amino 
cads except glydoe are optically 
active of the asymmetry of 

the a^arbon atom, whkh b covalent¬ 
ly bonded to four diflerent groups. 
The fonr different groups attached 
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to an asymmetric carbon atom ca: 
be arranged in two possible spatia 
configurations (srrangemcnls) whicl 
are mirror inuiges (enanliomorphs 
of one another. They are desigiti 
ted as D (dextro) arxl Klevo) isomer 
(Fig. I). Naturally occurring amirx 
acids always have the L confi 
guration, corresponding to (he confi 
guration of L-glyceraldehyde. Will 
the exception of balanine, severs 
D enantiomorphs of a-amino acid 
are known to be sweet compared ti 
their corresponding L enantiomorph 
which art usually described as taste 
less or bitter. 

An early tropical fruit procei 
Isolated from berries of RtchardeH 
^fifica iSynsepatum <biicipcum) ha 
remarkable taste-modifying propei 
ties. These berries, called **Mirac] 
berry'*, though tasteless have th 
intriguing property of making sot 
foods taste sweet after tbe frui 
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polp hit been chewed. This efleci 
Itita for 1*2 hours. Dr. Uoyd Beidkr 
of Florida Siete Unrvenity (U.S.A.) 
showed nirtculin, the active com- 
pooent, to be 4 glycoprotein (inoi. 
wt 44,000) ia which the sugar moie¬ 
ties (L.*arabiiioie and D*xylose) 
iccounted for 6.7% of the protein. 
Nerve endings which are affected by 
[i.e.. are receptive to) taste stimuli 
are known as taste receptors. Beid* 
ker and his colleagues suggested 
that miraculin binds itself to the 
cell swmbrane at a site near the taste 
receptors. An acid initiates a 


amino acid compotitioii of the pn^ 
teios also shows some possible si^u* 
ficaat similarities. 

The discovery that taaSD-acIne 
molecules from three tropical hems 
are proteini has Us reaching uaplka- 
tions OD the nature of the hypochn- 
tkal **ttste receptors** whh which 
the sweet tasting nokcaks are beha¬ 
ved to ioCciacL It it now known 
that mveral honnoise* affect their 
target cells by binding with i p grifcr 
receptors on the cell meabemne. 
These bonnones do not penetrate 


te iaiialwi and aMer the en 
tarn am ply hM to the edm 
w atUca^ h haa been mgpMad di 
Me may abo be medhterf ia tl 
mma nny, Lc.» the taa ts - arthn mol 
c^lsa bind to t^a ^seedb taste focQ 
Ion on the ilinn of the tasle-ha 
ceBa of Ae tongne. Monovar* tl 
t M teacth n prol eia a are moh 
caki which are not abb to eats 
Uiagm cebs iamaatamoady. A 
oae can appiCEiata a iwaec tast 
withia a short time, the aistenee « 
Iheac psot cia s sapports the abov 
hypothmii that the cell tuiftce i 
aO importam ia taste wceptioo. 

PAavBBM K. UrTHti 
ripiariwuir af 9harktmtatr, 

Umaenit} 
CbMgM /dOOl^ 


change in Che orientation of the re* 
eeptor in such a way that the carboby* 
Irate portion of miraculin stimulates 
the sweetneu receptors. 

Two other taste-active proteiDs 
known upto dste are intensely sweet. 
Doe of them comes from the tropi¬ 
cal plant DioMoreophyifam cicmmOifij 
[Serendipity Berry). The protein 
is called moneUin after the Monell 
Chemical Sensei Centre. Pennsyl- 
ra.nia, U.S.A., where it was isolated 
ind characterised. It consists of 
1 single polypeptide chain of ap¬ 
proximately 91 amino acids. U has 
mol. wt. of 10,700 daltoas and is 
tome 3000 times sweeter than su> 
rose on weight basis. The second 
sroteio, thaumatin, isolated from 
rhauma/ocaccus don/W///, is also a 
ungle polypeptide chain. It is 
wice as long as the monetUn mole- 
lule and tastes 750*1600 times as 
weet as sucrose. 

All the three proteins—miraculin* 
Qonellin and thaumatin—bie their 
kste-active properties on headog. 
*lti8 suggests that their three-dimen- 
ionaJ structure is important for 
Dpatting sweet properties. The 


Enriching food with amino acids 


A mino ^ku occur nmivy as 
protein consiitaeBU but they arc 
also present to some exteat m Che 
free state io food, Tbqr are impor¬ 
tant fheSon in evalualaag oulntire 
value and taste of foods. The aobfv 
tjve vahie of a food depends not o^ 
on its calorific value hot also oo the 
({uantity and type of amino acids it 
contains. 

The total protein conwmptiop in 
the world is about 112 mtOioD Cons 
(34 milboo tons as animal p rote in and 
78 miUiozL tons as wytabk pt o tei a 
Table I). Meat aad eggs are the 
ultimate products of vtp,Ufate pro¬ 
tein. It may be said Chat the 
to the problem of food pi o te sn m 
the world is the rmtioimJ aaa of vc^ 
table prottto, i.e., rice, wheat, con 
and reybean. 
eAcsntly they 
utilised. 


Ammo acid fortificadoii is the bcai 
way to atfliir vegetable proteti 
cfiGaereJy aad to increaae pioductioB 
of arrimil protein. P rot ei a from oi! 
seeds, te., soybean, is moat important 

Ac A cnnfvw fAr AniniAl fiMl Tlw 


acid in reyfaan meal 
■ Hwlh i oam e. The additioaof lyaiK 
aad thieomae to cottoa reed meat, 
lyame to armme meal, and lyauie, 
Chreoaiae and methsonlaa to peanul 
meal is recosaaeaded. Ammo acid 


fofftihruicai haa beea praccsred ia the 
areaufiretare of formate feeds for 
domerei c arnmali axsd ponkry, edfeo- 
lively cOBverting — prolm 
areoaamal protein. 

Fmufieaiion cf food cercah with 
amiao adds is obviously more e&c- 
tne from the poiot of view of direct 
reiimtioa of food raaoorcei Uren 
the IbrtificatioA of foraiali feed for 
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opolatioo (k biHiooa) 

4.0 

idoal protdo dn mfllioe teas) 

33.4 

Mad 

14.1 

Fbb 

4.4 

Egp 

2.2 

Milk prodocta 

11.3 

ogetabk protein (reiUkw toaa) 

71.0 

Cefsaii 

43.4 

Beam 

24.9 

FruHa and vegNabka 

9.2 

hoot ve^bka 

4.3 

Total (mlUioe toaa) 

111.4 

Proportion of iaiinal pretak <%k 

» 


to Pood tnd 
^rpafattioo (PAD) of tho Uaitod 
T th« )w 1975. 


le producdoit of aniiiul proceiiL 
bwever, amino acid fortifictcioa of 
imun food requires carefuf stadp 
i reUtlofl to eatiog babiu. coat 
nd social acceptabUiiy. 

The fortificacioo of wheal floor 
roducts is easy because powdered 
4ysiQe moaohydrochlonde caobe 
lixed with the flour during iu diitri- 
utiOQ. It was developed in Japan 
)r the Aral time in J96Z As far as 
le fortiflcalioo of rice iscoacerncd, 
mino acid required should be pn>> 
jred in the form of rice-lifce graau- 
:$ and mixed with polished rke to 
void any problems with the tr%kdi- 
onal manner of consumptiofL Tbr 
idition of 0.2% lyiine moao- 
ydrochloride and 0.1 % threoniae 
I rice is desirable from nutmoiMl 
oint of view. Amino acid sots' 
antiated rice has been developed ia 
ipan, Thailand and the VSA. 
ysine*fortified bread Is in vogoe 
nd its nutritional value has been 
camined in India, Peru and Tuoisai 
fable 2). 

Tajte mino adds. The taste 
r vegetable food is mainly doe to 

luUtmic acid, other amixiD acida, 

rganic acids and sugars. The cnain 
isle substances in meat and OKat 
roducts are utamic add and 
nicacid. Other constituents, 
rgank acids, peptides, etc., may 


ty taste. Otydne b tweet 
and exlubitK refrcslung sweetMS. 
Amino adds of low molecolsr 
weights, e.g., L-aknine, L^Kfiae, 
and L^prolioe are genenny tweet 
Ob the other band, L^eueioe, 
phenylaknioe, L-tyrosine and 
tryptophan are hiOtr. The Utter- 
ness of L-trypco^ttn is about half 
that of cafleine and the sweetness 
of D*Cryptophan is 35 times as 
strong as that of sucrose. Although 
L>aspactie add and L-gl^tamic 
acid are addsc. in eeutcaliftd solu- 
tioQ they are tasty. 

amt¥> acids. Darfc-Aesbed 
fldi contain high leveb of free hisli* 
dfne. Fish with white flesh contain 
Isas histidiiie and much more glycine 
and alanine. Oams and snails con¬ 
tain kf^ quantities of free amino 
adds, e.g., ^ydne and proline. 
Methtonine is considered to be 
responsible to give ipectfle taste of 
M archms. amouat of free 

amino add is, however, not much in 
animal meat Glutamic add. sUnine 
and bbtidine are present compara- 
tndy in hi^ levels. Cheese contains 
•tnmfs acids available from the 
hydrolysii of milk proieiiL The 


peediar taste of cheese resulu froi 
^utamk add as well as valin 
leucine and methionine. 

Asparagin, gluumic add. gluti 
mine and mrine are found abundant! 
in vegetables and fruits. The contei 
of dtruUine ii high in melon 
Green tea is Heh in glutamic acu 
aspartk add and arginine. T> 
peculiar taste of green tea is due t 
loanine (L-glutamyl- y • ethylamidc 
as well ai glutamic acid. Soybea 
sauce coQtaiiu almost all amino acid 
including 2D% glutamic acid. 

As flavouring agents. The utilize 
tion of amino acids as food flavourin 
substances has been considerabl 
extended. Mono - sodium L*gluts 
mate is extensively used in the manu 
facture of various foods, e.g., fli 
pute products, instant noodles, flsi 
sausages, meat products, soup stock 
special fish delicacies, seasoned fisi 
products and curry paste. Sodiun 
inosinate or guanylate when mixet 
with the products improves flavour 
Glycine is refreshingly sweet, and i 
used as sweetening agent in roo( 
manufacture. It is widely used in thi 
manufacture of soft drinks, sou{ 
stocks, pickks. fish paste products 


Talk 2. Fortttcadoa of cettab whh amka adds 


Protdn effickney ratio* 


Areko sgOsg 


Wilbout amino 
add addition 


With amino 
add additlor 


Rka 

L-Lyika tnonohydrocbloride 0,2%; 
DLiMihkimie0.2% 

1.50 

2.61 

Wkv 

L-fyaioe ioooohrdrodUorigeO.2% 

0.45 

1.56 


L-brdDe monohydrocblonde 0.4%; 
DL4iuoaaim0.S% 


2.67 

Gore 

L-lydae mooohydrochloride 0.4% 

0.15 

l.OS 


Lrtyaka aondiydrochionda 0.4%; 
IMryptophao 0.01 % 


2.55 


L-bwae etoodiydrochlorige. 0.2% 

0.69 

1,77 

Barter 

L^yika aaonohydrochloridc 0.2; 

DL thiaoreDcO.2% 

1.66 

2.26 


• Freeda 


ck 


»ritio is iht ratio of vdght lo the total feed protein adminiiteret 
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dENOI 

iiih pfi^ucu and tsh are uiually deficient la the meotial 
blkoctes. amiAo acid, lynae. Rke is deddeot 

ia threoniK but ricber than ocher 
^pcda2 ■a^kaciw cereals in tyune. 

Odours resultini from the heat Pulses aod leguaes are rich in 
>roc«Baiiigoffoodareduetodefnida- proteins. Pulse proteins, however, 
ive products of amino acids and are relatively low in biolofical value 
lUgars. Amino acids react easily because of defietency of the essential 
vith sugars even at a comparatively amino add, methionine, 
ow temperature, yielding not only Maize is limited in both lysine aod 
volatile compounds which are the tryptophaa Considerable work has 
ngjor constituents of cooked food, been done on amino acid fortification, 
)ut also substances responsible for especially lysine enrichment of cereal 
he colouration of baked food. and pulse-based diets at the Central 

In Japan, cysteine is permitted to Pood Technologkat Research Irtsti- 
)e added to natural fruit juices as an tute, Mysore, and at other research 
LAtioxidant. or to bread as dough insticuies. Also, work has been done 
mprover. Cysteine is also effective on the fortification of vegetarian 
IS an antibrowning agent When diets with methionine and threonine, 
laiural fruit juice is stored, ascorbic The nutritive value of maize has 
icid is oxidiz^ and eventually brown- been shown to increase by the 
ng and reduction of the nutritive addition of both lysine and trypto- 
ralue occur. This can be prevented phan Methionine bu been shown 
>y addition of cysteine hydrochloride, to increase the nutritive value of 
rhe reductive power of cysteine soya products. The addition of 
40 also be used to improve the methionine to groundnut flour also 
Mking process and bread quality. increases iu biologietl value. 

Cereals like rice, wheat and millets. O.V. Singh 

ragi, cholam and bajra form the Ctntrol Ktstorck Laboratory 

main food in India. They contain AfUibiolict Plant, yirbhadra 

protein, but these proteins Dthra Dun 

Kaolinite—an antitranspirant 
for dryland crops 

'*nROP product ion in dry land areas tion and tra aspiration. Apart from 

suflers from twin problems of moisture conservation in soil through 


use of mulches or by ocher meta 
there is a receat approach to redut 
transpiration by use of some ebem 
cals, known as antitrinspinot 
Waggoner (1966) rtponed thi 
if transinration is represented a 

T-^H,0 

ri+m 

where T« rate of tnnapimtion 

difference in the vapoi 
concentration between it< 
matal cavity and free a 
outside 

rs^^stomatal resistance 
rasresbtaaee of boundai 
layer 

the transpiration can be retards 
by either increasing resistance ( 
stomata or air, decreasiog AH«0 i 
providing additional resistance 1 
vapour at leaf-sir interface. 

Three types of cheintcal antitran 
pirantiaie known to reduce the trtn 
piration, viz., (i) chemicals whk 
when applied in very low concentn 
tion affect the siomatal opening ai 
known as stomau closing typ 
These chemicals decrease transpin 
tion by increasing resistance of it( 
mate; (n) chemicali which .fon 
thin fllm on the leaf surface, redut 
transpiration by creating an add 
tional resistance in the path of wai< 
vapour diffusion from leaf to atmo 
pbere, known as film-ronniog typ 
and (iii) chemicals, which after beir 


astability and low productivity due 
0 the limited availability of water. 
B our country about 35 per cent of 
he net cultivated area falls under 
uch conditions where annual rain* 
sU is less than 750 nun. In these 
real crop production completely 
ependi on raio^ll. To make the 
roduction of dryland areas stable 
nd high, it is essential to in- 

reaic the effioieocy of the limited 

vailable moisture. Efficiei^ of 
w available moisture can be in* 
reaied if we check the water lou 
'hkh takes pbee through evaport* 
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1973 1974 1979 B79.74 1974.79 1979-74 1974-79 

Moong Sarson Wh^t 


FIft. 1. Grata rfeU of 4lfferait «r»9« wftli lUeltat i^rmj 


received. So moiature was not 
liinitini factor in these ynrs wherea 
during 1974 there was neglilibl 
rainfail after August 6 <Fi|. )). 

Application of KaoHne was mor 
efTective dunag nbi season as com 
pared to kharif season because of th 
low moisture content in soil durinj 
ribi season. During ribl ]973-7< 
yield of sarsort increased by J4; 
per cent with Kaoline spray, whili 
during 1975*76 Kaoline spray in 
creased the .wson yield by 12.: 
per cent (Fig. 2). 

Kaoline spray increased the graii 
yield of wheat in both the expert 
mental years. Durmg 1973*74 yieU 
was pushed up by 27.7 per cen 
while in 1974«75 percentage increa» 


prayed on the upper surface of the line of 6 percent siretigth is used for in yield was only 16.5. Rainfal 
>liage, form a coating which in* forming a white coating on leaf being lower In the crop growinj 


reases the light reltection ofthe leaf, surface. For a crop in one hectare season of 1973*74, the beneftt fron 


liesc are called reflective type. land, where BOO to IO(Xi litres of the antitranspirant was more com 


Under Indian conditions, because 
f their inexpensive nature, reflec* 
ive type materials can be more use- 
ul. For this purpose white mate* 
ials like Kaolinite, hydrated lime, 
inc sulphate, magnesium carbonate 
nd calcium carbonate can be used 
s reflective type antitranspirants. 

low Kaollolte acts 

Kaolinite forms a coating after 
eing sprayed on the upper surface 
f tia foliage. Being wluie, it in* 
reases the reflectivity of the leaf, 
ly reflecting some of the solar rtdia- 
on, the amount of radiant energy 
vailable for absorption by the leaf 
I reduced, which reduces the beat 
>ad on the kaf; bwers down the 
saf temperature reducing tianspira* 
on, since AH|0 in the above 
quation is decreased. 

lOw KaoMe Is ned 

• 

Kaoliiute is a very cheap, white 
owder available in the market with 
lie trade name of Kaoliiie. Kaoline 
rben dissolved in water makes the 
uspensiofl. The suspension of Kao* 


water is required, about 50 to 60 kg 
Kaoline it needed. On small plots, 
it can be sprayed with pedal or 
power sprayers and on large scale 
aircrafts could be used. To make 
the suspension slick to the leaf sur* 
face, a few drops of teopol is used in 
one*litre of suspension. To evaluate 
the elBcacy of Kaolinite. field experi¬ 
ments were conducted with moorti. 
serson and wheat crops during 1973* 
1976 at the farm of Indian Agricultu¬ 
ral Research Institute. New Delhi. 

Kaoline spray increased grain 
yield of moong only in 1974, In¬ 
crease in yield was o b served to be 
about 30 per cent over no Kaoline 
spray (Fig. 2). No response to 
Kaolme was observed during 1973 
and 1975 when sufficient nunfall was 


pared to 1974-75 season. 

It may. iherefort, be concludet 
that in dryland regions of the countr; 
where lack of moisture is an im 
portani limiting factor, (he use o 
Kaolinite, an antilranspirant, wouh 
be desirable to boost crop produc 
lion- Crops should be sprayed whei 
there is sufficient foliage, i.e, 45 « 
60 days in the long duration crop 
and 25 to 30 days in the short dura 
tion crops like moong. In lonj 
duration crops, if necessary, tw« 
sprayings could be made. 

GAJBKPaA Gia 
Rajat D 

Dtvuion 9f Agronomy. l.A.R.i 

New Delki-r 


September-October blooming 
chrysanthemums 

C HRYSANTHEMUM, one of the Indian plains. It (hen glut 
most popular cut*flowen of the the market, thus giving low return 

worid, flowers only for about to the nurserymen and culti 
six weeks, from mid-November vators. In order to minimise thi 
to December er^ ta the North glut, the National Botanical Garder 
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Lucknow hu developed a technique 
>r Precision or Programme Bloom* 
ng through the control of photo- 
>enod, extending thereby the 
>Iooming period of chrysanthemum 
>y six months, from October to 
4arch. The Institute has now achiev¬ 
ed another success In this direction, 
>y evolving seven chrysandiemum 
^ultivors which bloom during Sep- 
ember-October. The 'autumn bar¬ 
ter' has thus been broken. 

The development of the seven 
uUivars involved introduction of 
uiiivars naturally flowering under 
onditions pitvailing during Sep- 
cmber«October in temperate coun* 
riei and crosalng them with the 



varieties genetically adapted to coiidj- 
tionsin JndianpUins.lt wms followed 
by rigorous selection, amongst the 
progeny of such crosses, for types chat 
possessed the requisite combination 
of genes, i.e., those conferring ear- 
(mess of the introduced cuHivasi and 
(hose rtspoosibk for adapubibty 
to the North Indian agroclimate. 
Besides these tnits. the new cuhivars 
possess such desirable qualities as 
vigour, uniform blooming, strikii^ 
colours (white, pmk, terracotu, yel¬ 
low. deep mauve arui magenta) and 
long life span They bcloog to 
Small Flowered Section of ^rden 
chrysaothemutn and require no $pt^ 



cial Ciaatmeai whatsoever for the 
Mooning. Since they arc hered 
tarily aRuned to flowering durir 
Sepieaiber-October. they would n 
quifc photo-petiodic treatment 
they were to flower in Novembe 
December, which is the normi 
Mooning period of chrysanthemun 
Rooted cuttings of these cultivai 
will be on sale during July*Augui 
1976. 


Having succeeded in evolving tt 
early bkMmmg types, studies ai 
afoot on developing Ute-bloomio 
types, ie. those which would flowr 
during the months of January 
February and March. 


Right eyed, left eyed 


W E are all aware of ri^ orleft 
handed people but few woold 
believe that people also have a db* 
linct bias for one eye. That is. we do 
not use our two eyes equally. It u 
known that in tasks su^ as look¬ 
ing into a telescope there b a db- 
tincC preference: 63% people have 
p ref er e nc e for right eye, 32% for 
the left eye and 3% are ambicular. 
I.C.. can use both eyes. Foiat a db- 
titifit object with your fl&ger. keep¬ 


ing your both eyes open. Now with 
but moving, alternatively close om 
eye after ibe other. It b interestioi 
to note’ that the object is aligned witl 
the dommant eye but not to flu 
other. It looks paradoxical to have 
owe dominant eye. but it is true I 
Aocoidiog to Stainly Coren of the 
Urriv a irity of Britbh Columbia and 
Qait Porac of Univenitly of Vb- 
tcria (Nohtre. Vol. 260. April t, 
1976). we even see ohjects somewhat 
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hi^r Vick tke 6ommt± eye. 

A fta^ 4$ vliyecli «lo 
for eqiAl AceiQr of two eyes 
itodied Tbd Methodi veie 
ployed to deienwae the eye dooi- 
uace, the pond Seet ud the AK 
tett. The poiM tot reqeiied tfaesob' 
jset poiitt to the eifRiiiuailn's worn 
with his fiofer whik fcitpim both 
eyes open. The experuBcter, by 
loohiiif into the qes of the sefayect. 
could note which eye was **‘tp**^ 
with the fioger. In the ABC lest 
the sublet held the wide end of a 
tnuKAted cone epto hie fnoe 
vi e w ed a tanet throuch a maO 
tpeitnre with both the eyes opo. 
The cone was then opened to ind 
out the eye Aliened with the Apcytnfe. 
Repeated sveeaJ times, it was foand 
that 25 people were rifht eyed and 


20 M qred. 

Now these l ahjee ts ware allowed 
to view two whte dioakr tarpels 
At a of 40 cm throng a 

to mpAiatg the inputs to 
die two ores. It was mterestioi to 
note that 17 of the ri^ eyed sub' 
jeds vi e w e d the ot»^ bifper with 
their right eyes whereas 13 of the 
lelt eyed sabjects fdt the mme dilfe' 
renee with their kit eyca. 

The Rsetfeben poinl out that as 
aD the Lndividuab had equal rtfrtc* 
bon for both eyee. the difference in 
um feh by right and kfi eyed sub¬ 
jects was only psychologieaL Though 
an opbnabon for eiee distortion is 
not dear, it is believed that it-may 
Afim from Icmfe enbenctment in the 
dominant eye. 

Zaaa Imam 


Mystery of the firefly 



You know. dad. / am preparing for 
wy ttst. Sc. / have col/ected these 
fireflies. In these day.r of frequent 
pontf faihires the fireflies may help/' 

version of escitelion energy into light 
energy with simultaneous formation 
of the ground slate molecule {tumi- 
nescence step), the second is a well- 
understood step. The heart of the 
chemilumioescence process is the 


luminescence 


M any Umm wa hava noticed 
tbe nice little sparis emiUed 
by findies and wondered about the 
sovree of them spaita Are them 
tiny bntteries iwny some¬ 

where in the boilks of ftr^iks? Sol 
it Means we have to md: the apUna- 
tkm of the sparia in tents of cer- 
tam rJuanirei mictionj ocanrneg in 
the body of the firefly. The fij^ 
sparic is an of the ^neraJ 

p hawmc aon of chcwulauiincacence. 

light for wbidi a chemicaJ ica^ 
tioB lupplim Che ca a p . 

rhMfcii i f iwMi BUI ■ nppea- 

raoce of ligk at lowteaspermtaiasia 
condast to the baraing of a caadfc 
ntoe aho a cheniad rewetm aop- 
pika die tweip for the e pp— 
of tight Ck?iiiilnmiaia,ijaL k a 
two mep pwaras li oocm whaa 
a wbstaidiil ftnebogof thenaother- 
mk caefgy of a rhmical la^bnt 
(caagy evohfud wfasi a domical 


medoB takes place) is converted 
into efcctfonic eicitatioQ energy of a 
reacSioQ prod uct The reaction pro¬ 
duct in the escited state, emits s 
photon of light to coroe to the 
gronikd state. For a hypotfaelical 
imcbofl where A aimI B react to 
pve the product C, the iwo step 
pr uc e w win be 
.step (a). 

A+B--4(C+aH) 

^C*—^4hF 

Of the two fleps involved in chemi- 
twroimasner, va» (a) use of the 
exothennaJ en er gy a( a ctemkal 
leacbou to prodnes an excited state 
( cfimri fjrirgf ka step) and (b) con- 


chemiexciution step—formation of 
the product in the excited state rather 
than in the normal ground slate. It 
may be pointed out that the excited 
sUie C*. of an atom or a molecule 
differs from the ground or normal 
state, C, in the dislributioii of its 
electrons only. However, as a conse- 
quenct of this difference the two 
sUtes have differeni shapes, reacti¬ 
vities and energies; the energy of 
excited state is higher than that of the 
ground state. The excited and ground 
states are lotercoovenible by emis- 
skm and absorption of energy res¬ 
pectively. 

The fumkroental chemical reac¬ 
tion involved in the firefly action 
is the oxidation of an organic com¬ 
pound. ludferin. In the chemiexci- 
tation step, luciferin is oxidbed by 
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molecuUr oxygea in the presence of 
tn enzyme* lucifense, to give <iehy’ 
Irolociferin in the excited state. The 
excited state of the product, dchy- 
Iroluciferia. emits )i^t to return to 
he ground state (kumioescenece step). 
Both, kuciferin and luciferase* have 
been studied well Lucifcrin was 
crystallised in 1957 and its structure 
ind syniheiis reported subsequ¬ 
ently. The enzyme lucifense has a 
big molecular v^igbt (^100,000). 
It was crystallised in 1956. 

In fireAy action, apart from 
ludferase, ATP (Adenosine triphos* 
phaie)» Mg** ions and dissolved 
oxygen are necessary. The function 
of ATP is to form active 
6 refly luciferin (enzyme bound 
iuciferyl adenylate) with a release of 
pyrophosphate. The actual sequence 
of steps involved is: the enzyme 
bound Iuciferyl adenylate is formed 
in the first step which can be by¬ 
passed if synthetic Iuciferyl adeny¬ 
late (LH,.AMP) is used. This will 
react with enzyme lociferase (E) 
ind oxygen to form dehydroluci- 
ferin in the excited sute [step (a), 
:hemlexcita(ion] followed by light 
emission (hv) and cert version of 
lebydroluciferin (L) to the ground 
itate [step (b), luminescence]. 

LH, + ATP-^LH,.AMP + Pyro¬ 
phosphate-|-H|0 

(•)HOs+E 
ELAMP '-l-HiO 
(b)4 

L-fAMP+E+hv 

n the above mechanism, the enzyme 
lucifemse) acts like a conveQtkma] 
atalyst with an interesting ability 


handle energy and extate an elec- 
pnically excited state. 

The firefly flash which tasU for 
irly Q.5 sec gives light of 
ferent colours in different species 
fireflies. Chromatographic, abior- 
nce and fluorescence studies show 
It all natural firefly luciferins 
) chemically ideockal. Therefore, 
ferences in the colours of light 


emitted by diflereot spedes should 
be doe to some difference in their 
enzymes, luciferaae. This is soppor- 
ted by the fact that purified enzymes 
obtained from different species emit 
lights characteristic of the species 
involved when reacted whh synthetic 
luciferin and ATP. An interesting 
case of colour vanatioo is exhibited 
by a species called automobile bug. 
Light of two different colours Is emit¬ 
ted by the two organs, ventral and 
donal. of the same bug. Not otdy the 
light from two organs of a bug 
differs, also different individuals of 
the same species exhibit colours which 
differ widely. Luciferin is the ume 
for all the bugs and the colour diffe¬ 
rence can be traced to difference in 
enzyme only. 

An interesting hypothesis regard¬ 
ing Che origin of bioluminesccnce 
(luminescence shown by tnological 
systems) has been proposed by 
f^Elory and Seliger of Johns Hop¬ 
kins University, Baltimore. They sug¬ 
gest chat the li^ emitting reactioas 
in organisms developed as detoxi¬ 


fying proceasea for the removal c 
oxygen in the struggle for surviva 
of tltt early anaerobic Oif^ which i 
destroyed in the presence of oxygen 
form of life. Those organisms whicl 
cooki reduce molecular oxygen wer 
relatively more successful in surviva 
wima small amounts of oxygen star 
ted '*poUutiag*' the biosphere whicl 
was originally devoid of oxygen 
The most successful organisms wen 
chose which acquired an enxymati( 
catalyst, e.g., lucifertse, that accclo 
rated the reduction process. Since 
the redox reaction is highly exother* 
mic, it left the product in an excited 
state. The excited states are nol 
very stable, therefore the product 
had to lose energy by some mecha¬ 
nism and come to the ground state. 
If the specific organic molecule 
Involved was capable of fluorescence, 
the oxidation reaction would have 
resulted in what we call biolumine- 
scence. 

B.C. Shaxma 
FfD, New Delhi 


Oxygen too is toxic 


I F some one is exposed to an oxygen 
partial pressure (Pp) five or ten 
times the normal, will be survive? 


The answer is no. Not only man but 
other respiring organisms too srill 
die in that condition. Which means 


that oxygen is toxic at a higher par¬ 
tial pressure? There are living or¬ 
ganisms—the oWigate anaerobes, 
which are killed by mere exposure to 
air. Now, what makes oxygen toxic to 
obli^te anaerobes and respiring 

oigaoisnu at a higher oxygen par¬ 
tial pressure? There are some highly 
toxic metabolic products of tius 
life supporting gu. To use oxy¬ 
gen for energy yielding and biosyn¬ 
thetic reactions the body possesses 
an elaborate system of defenses tp 


control the lethal effects of oxygen. 
But the margin of safety provided 
by the defence system is so narrow 
a hi^r concentration of oxy¬ 
gen cannot be dealt with effectively 
and results in death. The obligate 
anaerobes, which can live in the 
absence of free oxygen, lack such a 
defence system completely. Tliat 
is why they cannot even resist the 
normal oxygen Pp in the air. 

It is assumed that in the early days 
of our planet, before life emerged, 
there was no significant quantity of 
molecular oxygen. The origin of 
life, its proliferation and early deve¬ 
lopment, therefore, occurred in ante- 
rote conditions. With the evolu¬ 
tion of blue-green algae the situation 
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Fit. I 

owmr changed. That ftlgte were 
ftptWe of photoiynthesii by uiing 
rater u e radudttg i|eni. 
uthents from oceeiu» tnd the solar 
nergy from suo. liberating fttc 
xygen into the environment. Thett 
rere then no aerobic organisms. 
io«ever» the presence of oxygen 
It the air subsequently changed the 
ace and dJrectioQ of evolution. 

The accumulated oxygen and the 
vtter on earth posed a threat 
0 the survival of the then existing 
bnns of life. The way out of 
his siiuattoR was to expioii the 
cactiveneat of oxygen for energy 
lelding and biosynthetic reactions, 
»y developing defettsea against its 
oxicity. in the course of evolution 
lOth these requiremenu were met 
dth. 

Today we find an enormous diver* 
ity of anaerobic and facultative crea- 
urea which poisess a variety of 
xygen utilizing nactions in their 
metabolisms. 

To the aerobes oxygen it not an 
mmixed Messing. The harmful 
ITecta of oxygen ere not apparently 
'isible because the defense system is 
4 equate and oxygen in the air is 
n\iio tolerable limits. ExperimentaJ 
tudieson animals and human beings 
-eobjected to incpeased partial 
treasure of oxygen—hare revealed 
dentical.results: incnased pressure 
»f oxygen is toxk to all forms of 
Ife, and the leverity of eymptonu 
lepead upon the degree of oxygea 
’p. Oxygen Is. leducod in the body 
tom 0| to which requires four 
Jectroos. In geoerml, fuduction of 
oxygen cnn occur through moiiova* 
rat, divalent, trivakni and tetnva* 


lent pathways (Fig. I). If this re¬ 
duction is to oocur by the imaftr 
of pairs of dsctrons »e can expect 
only one intermediate, i.c., Hfir 
But oxygen exiubiis a distinct pru> 
fere nee for univaknt pathway of re¬ 
duction. Therefore, additioiULl pot* 
sible iniennediatee are 0% (super¬ 
oxide) and OH* (hydroxyl) ladi- 
caU. These free radicals are highly 
reactive and can damage Che 
molecular architecture of living 
cells. They also seem to be the 
basis of oxygen toxicKy. The 
radical 0^, is the conjugate base of 
the weak acid HO*a, the per hydroxyl 
radical. It undergoes the folio wing 
dismutation reactiona: 

is both an oxidant and a reduc- 
tint. For example, it can oxidise 
suLThydryl compounds or reduce 
cytochrome C. It can react in many 
ways with the biological molecules. 
The most damaging reaction of O*, 
is with H«Or u known as 
Haber-Weisi rcacUoiL It was ori¬ 
ginally advanced as partial explana¬ 
tion of die catalytic decomposition 
of HtOf by iron salts. 

0"»+H/)|-*0H--f0H -HO, 

The hydroxyl radical (OH*) pro¬ 
duced in the above [taction is the 
most potent oxidant yet known. *nus 
radical as the ream causative fhetor 
in the damage doiae by ionizing 
radiation, because it can reach any 
of the organic subatances found to 
cells. It has been found that the 
kihality of oxygen is similar to that 
of ionizing radiation. Irwin Frtdo- 
vkh of the Duke Univefaity Medical 
Centia, Durham {Amerkm Sden- 
VoL 63, Jan-Feb. 1975) prt> 
posed that the dao^ of oxygen toxi¬ 
city lies in the stepwise reductioo 
and then by way of the Haber-Weias 
naetioB Ia produetioB of bydroxyl 
radicaL By diamutation reactioDS 
and Haber-Weiss reactioBs (ahown 


above), it is evident that any systen 
which generates 0-, will soon accu 
muJate the H,0, wrill thei 

react with continuing flux of 0\ i( 
generate hydroxyl ion. 

&a y —Ik dsdwm 

Obviously, a system in the bod: 
to prevent or minimize the Haber 
Weiss reaction by scavenging th 
O*, and H,0,. will constitute body' 
defence against oxygen toxicity 
For this purpose, there are enzymes 
citatases and peroxidases, whici 
reduce H,0, to H,0. The catalase: 
use H,0,as both oxidani and reduc 
tint, whereas peroxidases us: lomi 
rtducUnIs other than H,0, as givet 
below 1 

Ht0|+H,0,-2H.0-H0, 

H,0,4-H,R^2H,0 -hr 

Besides the s:avenging op:raiiot 
against H,0, . which ii the leas 
icBctfve intenneditte of oxygen ft 
duction, there arc also specific enzy 
mes to catalyse the dismutation o 
more reactive O*, to H,0| plu 
O,. These enzymes are referred tt 
as superoxide dismuase (SOD) am 
are known to be preteni in all res 
piring cells. So it seems Ih^l ther 
are well defined d:reiica in oxyg:i 
reapiring organisms to resist oxyge) 
toxicity. These defences are pro 
bably backed up by the activities o 
antioxidants such as e<-tocophero 
which can minimize the damage doo 
by free radical chain reactions—b; 
breaking them down. But no djfenc 
seems to be perfect, and it rs presu 
med chat oxygen radicaU do w^eal 
some coosUnt low level damage t 
respiring cells. Cumulative eflect o 
the damage done by the free radical 
as a cause of old age was suggeste 
long ago, but the scientists till no^ 
were not awara dtat deleterious fie 
redicab tike O'*, aiMl OH* b 
generated In normal biological oxkU 
tioB. In the li^t of recent researeba 
the free radical theory u the cause c 
old age should be reexamined moi 
critically. ZakaIma 
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JEWS & NOTES 

Utkal University 


felicitates 
Prof. P. Parija 

"NN the occAsioQ of his S5th yeer 
J celebration on 17 April 
976. Utkil University felicitited 
rofessor Prnnnknjshne Piri}e> 

Born oD 1st April 1891 in * 
cntU village called Ichhapur in the 
istrict of Cuttack. Orissa. Parija 
«ssed the B.Sc. Examination of 
:alcutu University in 1913 with 
lonours in Mathematics. Then be 
^ent to United Kingdom for higher 
tudies after obtaining a Government 
;holanhip in 1914 and was admit- 
sd to the Christ College of Cam* 
ridge University. On completion of 
ripoi in 1916, he was awarded the 
'rank Smart Fellowship and started 
is research career under the guidance 
r Professor F.F. Blackman, F.R.Sm 
n eminent plant physiologist of 
lambridge Uoivenlty. After two 
ears of fellowship he was employed 
y the Govemmeni of United King- 
om for a year to find out the best 
relhod for the storage of apples. 
Professor Parija returned to Orissa 
1 1921 after seven years stay in 
^and and joined Ravenshaw 
!ollege. Cuttack as Professor of 
Otany in Indian Educational Ser- 
ice. He then became Principal of 
;avenshaw College, first Vice- 
lhancellor of Utkal University. Pro- 
ice-Chancellos of Banams Hindu 
rniversity and again Pro-Vice- 
lhancellor and then Vice-Chancellor 
f Utkal Univenily until he retired 
t 1966. 

Professor Parija's contribution to 
Last wlences is enormous. 


He was elected Oenerml 
President of the Indian Science 
Congress AsiociatiOD, of which be 
was previously the Geoenl Secretary 
for five years, to preside over the 
Bombay session hdd in January I960. 
He was elected Vice-President of the 
I Och International Botanical Congress 
held in Edinburgh in August 1964. 

While in U.K., Professor Panja 
studied the respiration of stored 
apples with Professor F.F. Blackman. 
His findings art still considered 
fundamcnuls of plant respiration. 
Returning to India, be developed 
the botany department of Raven- 
shew College. CutUck. He ettracted 
students from all over India and 
Ravenshaw College soon sprang 
up as an active centre of research in 
botany, particularly in plant physio¬ 
logy. He conducted experiments on 
respiration of plants, control of 
obnoxious weeds, transpiration and 
heat resistance of plants, experimen¬ 
tal morphology, resistance of rice 
to food, drought and salicw condi¬ 
tions. etc. He also investigated the 
algal flora of the Cbilka Lake of 
Orissa and made a survey of the blue- 
green algal flora of the soils of 
Cuttack. 

Professor Parija was elecied in 
19S2 general election as an irtdepen- 



dent Dkember to the Ovim Legjsli 
tive Assembly from Balikuda. 

As a mark of honour, Post-Gn 
duate Botany Department of Ravm 
shaw College has been name 
' "Parija Post-Graduate Departmei 
of Botany*' and a hall has bee 
constructed ackd *"Parij 

Hall". At 85. be carries his yeai 
lightly aiMi is still active intellectual 
and physically. 


Dinauandhu Mbhu 
MANO tANJAN Ka 
Parija P.G. Depit. cf Batm 
/hrvfiuAffw CoAq 
Otttack 7S300S (OriSM 


International committee for 
solvent extraction chemistry 
and technology 


A S a result of discussioAS held 
during the International Solvent 
Extraction Conference I5EC 1974 in 
Lyon. France, in September 1974, 
steps have been taken to form an 
International Commiltcc for Solvent 
ExtractiOA Chemistry and Techno¬ 
logy. The object of the Committee 
is to encourage the development of 
the science and technology of aolveni 
extraction through improved comm- 


unicatlons on an inieroatioAil basis 
The committee hopes to co-onlinat 
the organisation of major meeting 
and also assist with projects suci 
as raiionalUation of nomsDclature 
The first Secretary C^neral of th 
Committee ia Professor C. Haosoc 
Schools of Chemical Engineefiai 
University of Bradford. Bradford 
West of Yorkshire BD7 tDl 
England. 


Women over forty have a 
greater risk from pills 
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MEDICAL NOTES 


Antileukemic 
principle isolated 
from plants 


^ROM ancient tinwe. plants of the 
Tam ily Euphorbiactae have been 
sed to treat cancen» cumoun afid 
'arts and references of their use are 
pund in literature of folk medicine 
r many countries. On the basis of 
xii information, Dr. S.M. Kupchan 
nd his associates in the DepartoKiit 
f Chemistry of the Uatveiiity of 
irginia at Charlottesville, looked for 
niilumour andancileukeauc priori- 
les in plants of the family Cuphot- 
iaceae and recently reported the Uo- 
uion and charactcruaCMn of anli* 
rukemic principles from 
sula L and Crejon tittium two 
itembers of tlut family which are 
mong those used widely in folk 
ledicine {Scitnes. fPA 57), 1976). 
*he solvent extracts, upon purifica- 
ion, showed antikukcoik acdviiks 
gainst the P«388 lymphocytk leuk^ 
tia in mice. Sysicmatk fractiooa- 
ion of the extract from riyihwhie 


juta L. led to the chancteriad 


if a major antileukemic compooeat, 

$ the MW diterpenoid dketar, iapeool 

i,2Mibenzoate. Similar frmcdoaa- 
ion of Croton oil led to Ghaiactcfv 
ation of phorbol lX>ti|late IS* 
lecanaote as an icdve priBcipie. 
rhe effkacy of theae p ri n cip le i in 
luman leukemia ate bow voder 


^dy. 


W OMEN over thea^eordO, who 
take oral contricopthres, facea 
risk of death mocb greater than that 
amodated with any other method 
of birth control, iadndiiif abortion. 
In fhet, the aoalyxis thowod, for older 
women using the pill, the mortality 
risk is higher than if they had used 
no birth control at all and faced 
instead the dangers of resulting pro- 
gnancics. For women below the age 
of 40, however, the findings indicate 
that Che risk to life asMiated with 
Che pill ii much lower. For women 
oader 30. the risk is not much dUf* 
ereot from that accompanying the 
use of lUD (Intra-ttlertne device), 
condom, diaphragm or kgal abortion 
performed during the first 12 weeks 
of pregnancy. 

The analysis was rektsed recently 
by the Planned Parenthood Feder?- 
tioa of America, which was prepared 
by Dr. C. Tietze, an intenntionally 
known expert on contraceptive and 
pregfiaocy hazards, and Or. J. Bonga- 
arts and B. Schetrer. This seems to he 
the first study to asisss the relative 
risks to life from Che various fertility 
control mrthods according to the 
age of the women. 

The study concluded that, except 
for women over 40 who use the pill, 
the known mortality risk associated 
with the ose ^ any of the m^jor 
methods of fertility control^lht pill, 
lUD, condom, diaphragm, eariy 
abortion and sterilizatioii—is very 
low, as compared to the risk 


of death from pregnancy and child 
birth when no fertility control methoc 
ii used. It was further showed tha 
for women of any age during th< 
chi Id-bearing years, the lowest risi 
to life is associated with the use of th< 
condom or diaphragm, with earl) 
abortion as a back-up for any prtgn\ 
Rcies that result. Depending upor 
what age they start, women usint 
this approach could expect to ntc^ 
one to three abortions during tht 
course of their reproductive lives. 

In an accompanying comment or 
the implications of the study. Tietz< 
and F.S. Jalfe. president of Planned 
Parenth'»od's AUn Outtmachei 
Institute, point out that for womer 
under 40, the known risk of dcatl 
using any current means of fertilit) 
control ti lower than the risk fron 
automobile accidents. But. (be) 
emph'^sized, there is no method tha 
is entirely fre: from risk and urget 
more research to develop safer a: 
well as effective birth coniro 
methods. 

Finally, the authon of tbs report 
also noted that concern about risk: 
to health is not the only, and pro 
bably not the m^or, factor, deter 
mining the consumers* choice am>n; 
methods of ferti I i ty contro 1. A m o n; 
other important factors they listei 
arc effectiveness, convenience of u$< 
reversibility, moral and ethical consi 
derations, life-style and finally th 
cost. 

R. Raghunatha 


Estrogen is linked to uterine 

cancer 


E ffTROOEN honBoam are taken 
by Qulbona of wom en all over 
the aSneal c o umi ks lo relieve 
tymphw nfld nAenfeto of meno¬ 


pause. These hormones are all 
used as repiaemnent hormones to su 
feminine and to ward off ravages i 
(ConrriMtf on page 


Bhakti Datta 
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Light and 


r HE study of light U one of tt« 
most tmporiam parts of physi- 
g 1 science, because most of our 
nowicdge of the worW around us is 
ained through vision. There is no 
isible link between our eyes and the 
bjeett seen, still something from the 
bjecls reaches our eyes, which 
rtates the sense of vision. 

We learn the properties of giant 
telJar systems by means of light that 
ravels for millions of years through 
he empty space to deliver its message 
0 us. We can know the properties 
)f atoms from the light emitted by 
hem, which gives us the hidden in* 
ormation concerning their internal 
tructurc. In fact, most of the in* 
ormation we get in our day-to-day 
ife is obtained through the medium 
tt light. 

What then is light? Scientists 
tfve always been puzzled by iM 
lature. There are a number of 
heories on light: (I) corpuscular 
lieory. (2) wave theory, O) elec* 
romagnetic theory, and (4) quantum 
if photon theory. All the theo- 
ies are evaluated briefly and range 
>f their applicability is discussed. 

[^orpoaedar theory 

According to the corpuscular 
heory, a luminous body is supposed 
;o emit tiny particles of eaireme 
minuteness. They arc projected 
from a luminous body with enor* 
nous speeds in all directions and in 


its nature 


straight lines and stimulate our 
sense of vision when they impinge 
on the retina of the eye. The 
English physicist and mathematician 
Sir Issac Newton (1642*1727) was 
the eiponeni of corpuscular theory 
of light. He first showed the com¬ 
posite characteristic of white light 
from sun or other sources. 

This theory explains the rectili¬ 
near propapiion of light, formation 
of shadows, reflection and many 
other optical phenomena, but it 
breaks down as it begins to explain 
the phenomena of refraction, double 
refraction, interference, polariration 
and diffract ion. In explaining re¬ 
fraction, however. Newton had to 
suppose that the velocity of light in 
an optically denser medium is grea¬ 
ter than the air, but later this was 
found to be invalid. 

Wave theory 

The wave theory was first formu¬ 
lated by the great Dutch physicist 
Christian Huygens in 1978. This 
theory supposes that a luminous 
body by its rapid vibratory move¬ 
ment sets up disturbances or waves in 
a mysterious, all pervading medium, 
called 'light ether', 'world ether* or 
more simply just 'ether', which travels 
with the velocity of light in all direc¬ 
tions ia t)te form of transverse waves. 
These waves when falling on eyes 
produce the senulion of sight. 

Huygens was the first to state the 


wave theory in a definite form. H 
satisfactorily explaiaed the phene 
mena of reflection, refraction an 
double refraction but could nc 
account for the rectilinear propagt 
tion of and the theory of foi 
mation of shadow, which were s 
easily explained by the corpusculs 
theory, The theo ry became u npopi 
lar for about a century. It wi 
activated in 1800 by the Englis 
scientist, scholar and engineer Th< 
mas Young (1772*1829). when f 
explained the principle of inte 
Terence which remained inexpUcabi 
by the corpuscular theory. 

The French physicist August! 
Fresnel, a contemporary of Thoms 
Young, by Uking the Iransvers 
characieristic of the light wave r< 
moved the objections against th 
wave theory. The transverse chs 
racter of light satisfactorily ex pit if 
ed wave polarisation, diffractio 
and many other optical phenomena 
The wave theory also gives sati: 
factory explanation of the colour < 
the spectrum. Thus the work < 
two contemporary scientists. Youn 
and Fresnel, led the corpuscuh 
theory to an end bringing the wav 
theory into prominence in the earl 
part of the nineteenth century. 

It was possible using wave theuf 
to explain the phenomena of inte 
Terence, diffraction, polarise (ioi 
double refracliun, but Huygen 
theory had one serious drawbac! 
that of assuming the existence ( 
hypothetical elastic fluid known i 
'ether'. This is. because the resu 
of Michelson-Morley’s experimei 
completely upset the idea of exi; 
tence of 'ether*. 
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SCSBfiCE POK TOE YOUNC 


la i887» A. A. Michetion, an 
kfoerkaa phyticist and his co-worker 
i.W. Morley, carried out an experi* 
tent which was expected (o measure 
lie speed of the earth^s motion with 
npect to ether. They arranged an 
iterferometer as shown in Pig. I. 
^ beam of light from a source S 
ilU on a half-silvered mirror M| 
hich reflects half of the beam in the 
ireciion of mirror M| and passes 
ie other half in the direction of 
iirrorM|. After being reflected from 
tese mirrors, the beams return back 
> mirror half of (te beam from 
lirror Mj penetrates the thin silver 
lyer on Mi and reaches the tele- 
^pe T, and half of the beam from 
li is reflected by mirror M, into 
le telescope T, where they are 
bserved. They set up interference 
inges in the telescope. It is posii- 
le to detennine (he difference in 
sth between the (wo beams by 
bserving these fringes. 

If the apparatus moves with res- 
xt to ether in the direction Mi M„ 
appears (hat light cakes slightly 
^nger time to traverse the path 
than the path MiM|M,. 
his results in a greater number of 
aves in the first path and a conse- 
kient displacement of the observed 
inges. If, on the other hand, the 
lotion with respect to ether is along 
le direction of M, the situation 
reversed, and the fringes displace 
I the opposite direction. 

To compare these cases, Michelson 
nd Morley floated their apparatus 
i a tank of mercury so that it could 
>tate slowly. They expected to 
nd a displacement of the fringes as 
rotated from one position to 
nether position 90^ from the first, 
hey failed to notice any di^ace- 
tent of expected order of magnitude, 
he result suggests Chat the effects 
f the ether are undetectable. It 
Iso suggests that ihe ^eed of light 
I independent of the motion of the 
:>urce or of the observer. 


£lec(remag»e(k theory 

In 1664, a British 
physicist James Clerk Maxwd! put 
forward the etectromagoetic nature 
of light wave. From tlteorelical 
considerations he predicted that the 
velocity of the electromagnetic wave 

would be where K - specific 

inductive capacity and Apermeabi¬ 
lity of the medium. MaxweU's theo¬ 
retical equations were experimentally 
confirmed by a German physicist 
Heinrich Hertz in 1666 and the 
study of light became a branch of 
electricity. 

According to (his theory, all types 
of radiations are electromagnetic in 
nature. An electromagnetic radia¬ 
tion, visible or invisible, consists of 
an electric force and a magnettc force, 
set up in the surrouading medium at 
right ingles lo the direction of pro¬ 
pagation of (he radiant energy. 
When the electromagnetic waves of 
definite wavelengths pass through 
the tens of eye and strike the nerve 
ends, (he pulsation setup proceeds 
along the optk nerve to the brain 
and we experience the sensation of 
seeing. 

Certain remarkable developments 
have occurred in the field elec¬ 
tromagnetic theory in* the post- 
Einstein period which suggest that 
ihe light wave may be considered as 


a lump of vibrating electromagnetic 
field Aying freely through empty 
space. At fim glance it »eems that 
there is a lot of difference between 
the light waves and the radio waves, 
but they art the same thing—eleclro- 
magnetic waves which differ only 
in their frequencies. It has been 
possible to explore an enormous spec¬ 
trum of electromagnetic radiation, 
over a wide range of frequencies and 
wavelengths, all having (he same 
velocity In space as predicted by 
Maxwell. Radio waves, ittfrared 
rays, visible rays from red to violet, 
uitfiviolet rays and X-rays are all 
radiations of the same ruiiure but 
cause different effects. They are all 
electromagnetic radiations or waves, 
because experiments have shown that 
each of the radiation must have 
electric and magnetic components, 
and (he different electromagnetic 
waves are characterized by different 
wavelengths or frequencies. Range 
of electromagnetic radiation is shown 
in Table I. 

The electromagnetic radiation 
visible to our eyes extends oiUy to a 
small portion of (his great range, one 
eud of which is occupied by the red 
light having a wavelength of about 
7.5 X 10** cm (frequency^4 x 10** 
hertz) and the other; the blue-violet 
end of the visible range has a wave¬ 
length of about 4 X 10^ cm (fre- 


TaWe 1. Etectre ma^ etic raiiiriew 


Type 

Frequeocy 

How rt is produced 

50 Cycles 

50 hertz. 

file weak radiaboe from alteraatrni- 
cumnt dmiiU 

Radio, radar and TV 

hertz. 

OscilUtiiia dectric ciieuiu 

Microwaves 

IOs.|0i« Ivrtz. 

OsdUaiiiif oimiitt in special vacuum 
tubes 

Infrared 

|0u_4 X I0» hertz. 

Ollier elertroas in aioim and motecules. 

Visible 

dxlOM^xlOutwrtx. 

OvWrdwnroos is alomt 

Ultraviolet 

IxlOM—ICU* hena 

Outer decUona ra atomi 

X-rays 

Iwru 

iBflcr declrons ia aioaia. and sudden 
dmderatioo of h||h>eneriy free 
dectraas 

Giramarays 

I0>WI0M henz 

Nuclei of alooa. end Mddea decderaiioa 
of hid) eaeip puiidm from accele- 
raiors 


LILYim 
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[Mtacf • 7.$ X 10** bttU). Lifht 
I coittHfetcd u thu part of the eke- 
roniApiBtk ndUttOB which prw* 
laces (he aeosstion ^ vuioa tipon 
he huxnsn eye. From the physsca) 
>omt-of-view, the only dilTereoce 
between an ordinary elrctromaf aetk 
nvc and a light wive U the wave- 
ength^ which is very small for li^ 
vmves detected by the human eye, 
md large for ordinary eketromag- 
tetk waves detected by a radio 
aceiver. 

Though the electromagnetic theoiy 
>f light saiiifactonly eiplained the 
)ropa^tion of light, interference. 
UfTraction, polarisation and many 
Kher optical pbenomciu, it failed 
o explain the proceu by which 
jght is emitted or absorbed by male* 
111 bodies. Observations of the 
)hotocloctrk effect presented great 
lifficuhict fdr the understanding of 
:lcctroinagaelic radiations from the 
iassical point-of-view, However, 
he expeHmenial evidence of photo- 
!kctrk effect could be satisfactorily 
uy)lained by Planck's new idea of 
mergy quanta. 



German ^ysictsl Max Ptaock, 
Q 1900. postulated a revolutionary 
heory called the quantum theory, 
kccordiog to the qiiantum theory. 

. beam of light consists of discrete 
bundles' of energy of ‘quanu*; the 
mount of energy in each quantum 
I dependant on the frequency of 
This led to the revival of 
be abaadoned corpuscular theory 
at in a new form. 

Ooe quantum of light energy is 
saahy called a ‘photou'. The mys 
f the suR» accordiag to Planck's 
lew* that pour into a room throogh 
le windows or the light of a lamp 
0 not repreaem a contiauous flow 
f light wives, but rather a strcM of 
idlvidual photons. A photon is 
unit of eketromagneue radiation 
aving a cenain wavetength and 


frequency, and also having a certain 
dehnite amount, or quantum, of 
energy. Planck proposed ther pho¬ 
tons of diflerenc frequencies carry 
different quanta of energy and that 
the energy of a photon U directly 
proportional to its frequency. 

Writing / for the frequency of 
the photon and E for the quantum 
of energy it carries, we can express 
Planck's assumption as 
where k is a universal constant 
known as Planck's constant whose 
value is 6.62d x 10 ^** ergs second 

Since radio waves have low fre¬ 
quencies. their quanta of energy is 
small. Visible light, with frequen¬ 
cies a billion limes greater, conies 
in quants whose energy ti also a 
billion times greater. Moreover 
cner 0 must be absorbed and emit¬ 
ted in whole quanta exactly, no 
fractional parts of quanta are 
allowed. 

In a paper. puMished in 1905, 
Albert Einstein iodicaied that the 
observed laws of photoelectric effect 
can be understood, if one assumes 
that electromagnetic radiation pro¬ 
pagates through space in the form 
of individual energy packages called 
photons, and that, on encountering 
an electron, it communicates to the 
electron its entire energy. So more 
intense light means that more light 
quanta of the same kind fall on the 
surface per second. As a single 
photon can eject one and only one 
electroii, the number of electrons 
must increase corrcapondingly. Ac¬ 
cording to the quantum theory 
hornugroous light contains photons 
of a definite energy. The energy of 
the photon for the red end of the 
spectrum is half that of the violet end. 

The quantum theory has met 
spectacular success m explaining all 
facts about the atomic structure, 
spectra, emission of electrons from 
the metal, and in fact all the pheno¬ 
mena connected with intenctiort of 
matter and energy. But phenomena 


like refraction, interferende, diffrat 
tion, polarisation and certain othc 
facts lend themsdves for easy ex 
planaiion in teims of eiectromagnt 
tic wave theory. However, ther 
arc phenomena which can be explai 
ned by Ihe wave theory but not b 
the quantum theory. The bmvliiij 
of light around obstacles is a typica 
exatn^e. There are alto pbeno 
meni which can be explained by th 
quantum theory as well as by th 
wave theory. 

Then what really is light? Is ligh 
a wave or a shower of photons? Tb 
dual ispecu of radiant energy, th 
wave aspect and tM particle aspset 
are often combined in one as th: 
Wavicle (wave-particle) theory. 

This theory suggests wave proper 
ties of light as manifest in the pheno 
mena of interference, diffraction am 
poUHsation. It also suggests ligh 
as a sirean of particles callet 
photons, which have zero rest masi 
and travel at a velocity equal to thai 
of light in free space. Photon musi 
often be given a dual character as i 
wave or as a particle to explain satis* 
factorily certain experimental obae^ 
vations. The wave properties ol 
light predominate at low frequencies, 
tit corpuscular properties predomi¬ 
nate at high rrequencics. How ener¬ 
gy can behave as corpuscles and as 
waves under a different set of things 
Is the subject matter of an important 
but rather difficult branch of modern 
theoretical physics, known as wave 
mechanics, or quantum roschaniss. 

The present accepted valu; ot 
velocity of light in free space it 
C«(2.99792SdbO.00(>303)x 10** cm/ 
sec. The vchKiCy of light is the 
upper limit of velocities for alt mate¬ 
rial bodies. The simple sixhanical 
law of addition and sabiraclion of 
velocities is not valid or, more pre¬ 
cisely, is only approximately valid 
for small velocities, but not for thoss 
near the velocity of light Einsteio's 
theory of relativity tugfeits that It is 



soiNa voft ms yowi 


opouible to exceed the velocity of 
ghi by adding two (or more) vekn 
itks, QO matter how doee each of 
leac velodtiee ia to that of U^it. 
he veloci^ of light, therefore, ta»- 


mea the of noe kind of oai* 
veml speed Ifmil whk^ cu never 
be ciffeded Chicfht oeosuremenu 
abo ibov dmt t k lodepeodeDt of 
iateanty of U|bf of the 


presence of other electric and 
mafitttic fields. 

P.K. Banii 
SckBCt IMhir, Victoria Schoo 
Kurseong {W. B. 


Clippings from astronomy 


Sun too tings 


J^HENEVER any object vibrates 
^ it produces sound which may 
r may not be audible to a human 
ir. Whenever earthquakes shake 
le earth, it also vibrates, but the 
?uod is never heard. Similar is (he 
sse with our special star. Che sun. 
«cause of the violent activitiea 
uide. sun vibrates at half a 
onen frequencies simultaoeouily. 
kitbough no orte has been able to 
ear the sound the sun produces, the 
stroDomen have, to say simply, 
[aimed that the sun is singing a song. 



Hciiry A. Hill of the University of 
Arizona. U.S.A., is the astronomer 
^ho found the sun singing thou^ 
le is still uncertain whether the 
ong is classical, semi-classicai or 
op. Just as from the type of song, 
he voice, the music, the person who 
1 singing and bis musical acconS' 
laniments can be judged, by bearing 
vhai Is known a* *solar song* astro* 
10 men can estimate the nature. 


composition and the auckar reac¬ 
tions taking ptaoa tmide the sun. 
The origin of the aong has been 
aCtiitmtBd to acowcie waves. These 


wavos travel to and fio.fron one 
edge of the solar dim to another at a 
speed nearly 200 kB/aoc, for periods 
ranging from 10 lo 4g ntoutes. The 
amplitade of *disSarbaooe* they 
prodnee on the sarihee of the sun it 
leas than 10 km. 


It is envisagsd that the song nsay 
help in conaciiag the pceaeoi models 
of the aolnr iaierior. The major 
flaw in them that the theofetkally 
oUculated and obmrvol values of 
solar neotriaos do not taUy neay be 
mnoved. 


A brMkthrough 


O KTIL receMty, aurooomcn be* 
lieved that even the biggest 
tekacope could not ampliTy a star in 
beavmi with (he exception of the sun 
to a size more than a point A group 
ofistronofiiers at Kitt Peak National 
Observatory baa, however, achieved 
a breakthrough by usiag a novel 
tedmique. The faint image of the 
star Bctelgense. having a diameter 
800 times of the sun, was magnified 
by means of an ioa^ Lntensifier. and 
Che remaining hazmess ia the photo¬ 
graph was deducted by using a 
computer. What they found was 
surdy surprising bat not unsalicf* 
paled. Tte surface of this biggest 
star is similar to that of the sun. It 
is mottled indicatw^ that some con* 


vectioo process is prevalent then 
also, as on the sun. 


Communication with tho 
othar worlds 


C ommunication wkh an ex 

tnterrestrial civilization will b< 
possible only if our receiving system: 
and their transmitting systems an 
tuned to the same radio channel Wha 
should be that radio channel the 
crux of the problem. The situation 
is similar to that of a stranger whe 
phoned you that he shall be meeting 
you in the evening but forgot lo tell 
you the rendezvous. To this date, 
whatever serious efforts have beer 
made (5.R. Jan.. 76) to identify s 
radio signal from the outer space 
all have been confined lo seeking i' 
on a frequency of 1,420.405 MHz 
Hiis is the frequency of neutral 
hydrogen, the most abundant a ton 



in the universe, li has been seiccte 
in the saine manner the most probab 
place,eg.,Connaught Place, a sirangt 
would select to meet you in a plac 
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like Delhi. Recently, however, some 
more frequencies have been thought 

and proclaimed as more potential 
than the previous ones. The above 
frequency for the communication, it 
is now claimed, is not useful, for, in 
the galactic plane, the radio channel 
1,420.405 MHz is very noisy. More¬ 
over. the minimum **sky noise" is 
in the channel some thousands of 
MHz, which is closer to 1,667.358 
MHz. the principal transition fre¬ 
quency of OH. For the selection of 
i "natural frequency'* out of the 
frequency band between the fre* 
quencies of H and OH—just as the 
selection of the most proteMe popu¬ 
lar place a stranger would select for 
i rendezvous—Bernard M. Oliver of 
Ha ward Packard Company, U.S.A.. 
lias a suggestion. He has suggested 
1.652.418 MHz channel for com- 
nunkation. It is the approximate 
'requency of the centre of mass 
)f water molecule. 

Another '^natural frequency" 
:laimed is 56.000 MHz (approx.), 
vhich is the unique intersection of 
wo fundamental sources of noise— 
he black body background radiation 
ind the quantam noise of radiation. 
Phis frequency is not available on 
«r(h as the strong oxygen lines are 
>0 near as to obliterate it. The 
earch for a radio signal from outer 
,pace on this chaaoel will be possible 
»nly wh^ telecopes will be installed 
n space. 

Galllto'a rival 

Galilei Galileo, that great Italian 
nathematician and astronomer who 
nvented the telescope, was during 
lis life-time condemned by his coo- 
emporaries and so passed a life full 
if destitution, hum ilia u on and men¬ 


tal agony. That is why, perhaps, no¬ 
body then wanted to be a Galileo— 
and possibly why a contemporary 
of Galileo, who equalled him in 
scientific thought and inventiveness, 
did not become one. That unknown, 
quite a new nacne today, recently 
unearthed by a British historian is 
Thomas Harriot, proclaimed ai the 
"Britain's greatest mathematical 
scientist before Newton." 



Alter nearly a century and half of 
Harriot's death, some 7000 pages of 
his notes—obviously unpublished— 
were discovered and have been found 
of utmost scientific importance. 
Like Galileo he had not only turned 
his telescope towards the heaven to 
study moon, sun, cemets, utellites 
of iupiter, etc., but also made out¬ 
standing contributions to the know¬ 
ledge of physics and mathematics. 
He calculated the ballistic path of a 
projectile under the influence of 
gravity, derived what is now known 
as '‘Snell's law'' in optics, introduced 
signs for greater than (^), less than 
«).and doii.) for muliiplkstion in 
mathematics. 

Born at Oxford in 1560, Harriot 
was an arts graduate from Oxford 
Univenity and a scientific adviser to 
Sir Walter Raleigh. 

DiUF M. Salwi 


Where is the fallacy 7 

[ T is a common knowledge to not permissible: and (ii) order rever- 
any one knowing elementary sal is effected on multiplying both 
Igebra that (i) division by zero is ^ides of an inequality by the same 
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negative number. 

The trick usually employed i 
proving absurdities like l^m2 < 
2>3, etc., is either a disguise 
division by zero ora non-reversal ( 
the sign of inequality in spite of 
(disguised) multiplication of unequa 
by the same negative quantity. 

In the following 'proof, thoug 
neither of the two aforesaid 'illega 
operations has been used, there i 
another fallacy. Can you detet 
it? 


To pro*t 

Froof: Sirtce 


1 > 2 . 

4>2 

Taking logarithms of bot 
sides to the ume base V. w 
have 

Iogft4>logfe2 

Take a* I whence we have 


!og^4>]og^2 


Let us now evaluate log 


and bf^2 


i 


from first principles, viz., 
tX«Nw»X*log»N (N>0. 
a>0, ipfel) 


Let log^4*X and logj2> 


.•.4-(i)x and2-(J)V 
(definition) 

.•.4>-(4-‘)J5and2*-(2"*)Y 
/.d'-d-x and2>-2-«y 
/.!» .X and I - - 2Y 
(since aX^aV-^X-Y 
If apfcl) 

/.X—1 and Y —i 


and logj2—— 


Substituting these values ii 
l> we get 

.'.2 (-1»2 (-*) 

.•.-2>-l 

/.(-2)(^I)<(-1) (-1) 

u., 2<:i 

.M>2 


K.P. Mnardhanai 
Vniv. of Bomba. 
Bomba. 

iS€i the falhcy on page 4i7 
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Science Crossword Puzzle (Food and Nutrition) 



CLUES 

mm 

I. Ide4l food for ioTants and 
children and a good lupple* 
meotary food for adulu. 

S. Sugar of milk. 

0. A nutritional deficiency disease 
due to dietary deficiency of 
iodine. 

1. Vegetable which contains a 
chemical that causes goitre. 

2. A millet rich in calcium. phos« 
phorus and iron. 

4. A planned food. 

7. A cereal substitute for sick 
and convalescent. 

8. Modem food technology uses 
this vegetable source for pnpe- 
ration of milk and butter. 


21. —carbohydrate diet is pits* 
cribed for diabetic*. 

22. A good source of citric acid 
and vitamio C. 

25. A delicious fruit for the thirsty 
in summer. 

27. Staple cereal food of north 
India. 

30. A common deficiency disease 
of poor women during preg* 
nancy. 

31. Food of the Eskimos. 

32. Chewing leaf. 

33. Vegetable fat rich in uiuaturat* 
ed fatty acids. 

36. A common bulb used in 
cooking. 

37. Its deficiency leads to anemie. 

38. Fermented milk. 


39. A fruit rich in pectin and vita 
min C (starts with the lette 

cy 

40. Chief protein of infIk. 

Down 

2. Element necesury for iht 
synthesis of a hormone. 

3. Food is the prime necessit; 
of 

4. A common beverage. 

6. Element essential for bom 
formation. 

7. Over indulgent in foot 
become 

8. Excessive intake of this subs 
lance should be avoided b) 
hypertensive people. 

9. Nutritionally rich source whicl 
also contains an anti-vitamin. 

13. Fat of the milk. 

15. Milk supplied through govt 

dairy farms is usually- 

16. An inientalional organiaatio) 
concerned with nutrition. 

19. Appetiser in optimal amount 
but harmful when taken ii 
excess. 

20. A good source of iron, com 
monly used in soups. 

23. Watery part of milk. 

24, A non-vegetarian's delicacy. 

26. Pellagra preventive factor. 

28. Nut used in preparing hatwa. 

29. Grown in plenty in coasts 
areas, common ingredient o 
'Chatm\ 

32. An ideal breakfast. 

34. Commonly used in malt beve 
rages. 

35. A source of vegetable milk. 

G. Rajagofa 
K. Venkatesa 
Dfpn, o/ Biochemtstr 
Fott4ichfrry-60SOO 
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Lead acid battery charger 


fMctor or CApuitftoce ii tued Id tl 
dicoil, tbe lizo is very sraall, 32. 
c»x25.4 ca, for t 1^^6V, la 
htttery cherger, t&d bence it 
porubk. 

A pbaie controlled silicon cot 
troOed rectifier is used as the sent 
element to control the current < 
VJT senses the battery voltagi 
comperes it with a refettoce an 
produces trigger pulses for the SCfi 
The charger is inherently shor 
cueutt protected, so that the outpi 
terminals may be short<irctltte 
tcddentilly without causing an 
damage to the charger— as no currer 
will drawn through the shor 
ciftun 

Improved wick 
stoves 

K erosene wKk^fed stoves aj 

availabie in the market i 
various sizes using same number c 
wicks but arranged around dilft 
rmit diameters. In spite of leu coi 
•ad being easy to operate, they ar 
not very popular. It it because of th 
lower efficiency and beat releas 
cates compared to pressure stovei 
fcsttlting tn riow heating of matcnah 


A charger for lead acid battenes 
has been developed at the 
lational Aeronautical Laboratory. 
Angilore This charger is different 
rom other charges m that the chirg* 
ig current automatically adjusts 
self proportrotkal to the state of 
iicharge of the battery, i e, unlike 
ther chargers tbe current need not 
6 manually adjusted. This not only 
ives man-hours but alio extends tbe 
fe of the battery. As a battery u 

eiog charged the charging cuirent 
rmdually decreases from lOA, and 
ren if the charger is leR connected 
> the battery for a number of days 
ithout attention it will not be over- 
liarged, by more thio 10% which 
k ^lowaMe. 

As no large tndocUnce, saturable 
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The Indian Institute of Petrokum, 
«hra Dun, has developed a kerosene 
ick stove having thermal efficiency 
r 60% at kerosene consumption 
lie of 145 gm/hr; the thermal 
IHctency is 15% more than the 
^nventional wick stoves, k is due 
> incorporation of the following 


M uch of the building construe* 
tion activity at present is based 
n the use of reinforce concrete which 
itilizes steel and cement in large 
luantiiles The use of ferrocemeot. 


design modiftcatioas; 

(a) Raising Che wick to get more 
oil burning, (b) Increase in height 
of sleeves, (c) OptimizatioD of 
air perforations, (d) ProvisioD of 
a heat^onserving ring, (e) Providing 
a layer of heat insulation on the 
upper surface of oil container. 


on the other hand, results inconsider¬ 
able uvings in these materials. It 
is made up of wire mesh and cement 
mortar and a small amount of mild 
steel reinforcement. It offers an 


degani, economical and lighter al 
ttmative for structural application! 
reducing the dead weight of th 
structure and thereby resulting i 
lighter foundations. It results r 
overall economy in building com 
(ruction. Some of the advantage 
of ferrocemenl art listed below: 

1 Ferrocemenl combines the lighi 
ness of steel with the mouldabilil 
of concrete. Very thin structure 
can be designed for long spam 

2 It has a high degree of impermea 
biliCy. 

5 Unlike reinforced concrete, ferro 
cement funciH>m as a homo 
geneo us ma l? ria I a nd i Is behav i o u 
is iheN'fore akin to that of steel 

4 It is possible to dispense wiU 
formwork altogether in buildin; 
large span roofs if precast ferro 
cemem components are used. 

5 It possesses high eatcnjibllily 
and hence does not crack at lo^ 
lensik sirasies. 

The uses of ferrocement are ii 
the construction of buildings, wate 
tanks, grain storage silos, septs 
tanks, etc. Prefabricated ferrocemen 
water tanks of moderate capacitie 
are ideally suited for use iji village 
and in small communities. 

The Structural Engineering Re 
search Centre. Madras, has develop 
cd designs for ferrocement wate 
tanks of upto 10,000 litre capacity 
Designs have been perfected afie 
extensive laboratory tests on th 
performance of the tanks. Po 
5jOOO and 10,000 litre capncrties, th' 
sides of the tanks are only 3 cm thick 
A 5,000 litre tank is 1.6S m in dia. 
IJO m high, and weighs about 1. 
Umnes. A 10,000 litre tank is 2.3 r 
in dia.. 2.4m high, and weighs abou 
2.5 tonnes. The coat of the tan 
works out to 18 paise per Irtit fo 
5,000 litre capacity and 17 paise pe 
litre for 10,000 litre capacity, ei 
eluding the cost of the supporlin 
structure. 

scunci reporu 



Small capacity water tank in 

ferrocement 
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L ike iu pmkcesior. thu 
luperbly produced 1976 volume, 
OAtuiiB 16 tpcciul ceporte, A KMce 
lie of 46 Articles, two fAtcniAtiBf 
lories on rescArch Ktentuu And their 
rork AAd the usuaI Awurds to (hose 


^ho hAve Achieved datineikm. With 
unerkA ccJebrAtiaf its BiceateoAry, 
speciAl fcAture oo the first 200 ycAit 
if AmencAo tcieoce by a noted 
lisloriAn, Prof. Hunter Dupree, 
ounds off this tdmim^ work. 

The reports tie as diverse in their 
opknlity And contents as Afe the 
»lA£iiig coloured photognphs in- 
laded in them. They rmnfe from 
cuirioe zoology, linked with the 
nysiCTy of the fleehy lipped mAnAtees 
vhkh evolved from iMd 
QiUiont of yenra Ago; revelAtiont in 
he AtlAQiic Ocean floor; end pcedic' 
ion of eAfthquAke from sensitive 
eUmagrtphs AAd nervous aoumIs; 
town to bAffliflg nAtuTAl disulen. 


lewer forms of eoetfy productioA. 
cdiAthcA, incrensiiig food through 
ertilizen, dewfepsnest of dectron 
oicroscopy, tociAl AMhropobgy, 
ighting uakaown vinuet Aod a sur* 
ey of Astfophyski and newer suha- 
stoic pertides. The report on a new 
annmg electron raicroicope for 
tree dimensiottAl ImAges contAUks 
peciai coloured pbotogrmphs which 
ring in vivid 3-difiMDik>oAl vnrkty 


f fcAtures when viewed through 
le red/greeo enrdboArd gboes 
tpfdied in this volume. 


WhAt ts not inch 


in these 


reports comes np in the form of short 
Articles in the *Science file\ with its 
fAscittAtlng Amy of topks. There is, 
for exAjnple. a description end photo- 
gnpb of ‘beeftlo*, a cross breed of 
bufftlo And beef cattle, which thrives 
00 grass and produces less costly 
meAt; discussion on bow to make 
fuel bum better by adding water tb 
oil and psoline; Advances in coo* 
troUed thermonucleAr fusion and 
progress in tiaosportation through 
the resurgence of the dirigibles. 

Few intelligBOt readers would be 
unaware of the splendid work under¬ 
taken by the Leaky family in the 
field of anthropology in East Africa's 
Olduvai Gorge. Here they found 
the fossils of manlike species which 
lived about 2 million years Ago. 
This clue have set a trail to 
investipte deeper into the ezis* 
tenet of homo species. A ipecial 
article their work, their 

fhfflily and their life in this remote 
African site. The other special article 
surveys the work of a 36 year old 
astronomer James E. Gunn, who has 
already made a mark in cosmology. 
Ai Prof, of Astronomy at the Califor* 
nia Instt. of Technology. Pasaderta. 
and A staff m em ber of the Hale 
Observatories, he probes deeper and 
farther into space and tries to explain 
the mystery of the quasars creating 
more controversies than solving them. 

Written with care and lucidity, 
this vplume should be read and 
studied by students, scientists and the 
lay intelligentsia. 


S.K. Ghaswala 


MOLECULAA TRANSFORMA- 
nW IN ORGANIC CHEMISTRY 
~AN iNlRODOCnON by D. 
lUa^nathan and S. Rangasthan, 


Macmillat Compcftye/ limited. 
Sew Delhi (1975X Pp. 68> Ra 16 00 


D uring the last two decades, 
the study of reaction mecha¬ 
nism at molecular level hat pined 


considerable importance and lu 
provided a clear understanding of U 
cbemistry of organic synthesis, Tt 
book under review discusses tl 
reaction mechanism in a r^reshm 
manaer with the help of about twent 
organic reactions includii^ Vo 
Richur reaction and Bayer's indig 
synthesia 

The authors candidly illustrat 
that one can logically find out th 
steps of an orpnic reaction wit 
the help of careful analysis of tk 
principles of bond adjuitoieiiU, witl 
out resoning to 'arrow pushing* o 
intuition. The Von Richter reactio 
is one of the examples where the 
have shown how both logic an 
painstaking experiments can wor 
out the steps. Ranpnathaos humo 
rously call this reaction a 'brilliaD 
piece of detective work.* 

The discussion on *ATP-imidizoh 
cycle fives an impression about th 
faKinating ways of nature. Indeed 
nature, the muter cralUman, with tb 
immense wisdom pined from var 
experience, brlnp about the trens 
formatiooi which even a brilliar 
orpnic chemist cannot carry out b 
experiments. 

Illustrations of slranp produci 
which arise while making an 
breaking of bonds by suJtabl 
reagents have been included i 
a chapter entitled The humoroi 
side of bond making and bon 
breaking'. The principle of prepan 
tion of mat^ nseful compounds moi 
economically in the labontory tha 
extracting them from natural sourct 
have been discussed. In this cootex 
indigo synthesis as an example is db 
cussed. The Woodword-Hoffman 
rules have been inteUi^bly ex^aine 
with various examples in the penult 
mate ^pter. Tht last uhapU 
entitled Tor your enjoyment onl] 
contains a number of problemi fc 
the readers to solve and Is intende 
to stimulate the judicious use of th 
bask principles of reaction mechi 

The book, written in a lucid styl 
will be a pleasant expericAce for thoi 
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vho Are familiar with basic organic 
eactioa mechaDistn. It will be cer- 
duly a welcooK addition to all 
ibraries. But, it will not be impeni¬ 
tent to mention here that in a country 
ike ours, where students cannot 
ifTord to purchase text-books, the 
wok for its high price will stay 
>eyond their reach. 

Alok R. Ray 
DtpU. of Chemistry 
VniftrsHy of Delhi 
Delhi-110007 


aOMiC STRUCTURE AND 
’ERIODIC CLASSIFICATION by 
^ L Soni and H.C. Sharma. SuUan 
Chond Sons. Daryagatij, Delhi-6. 
>p. 254. Rs. 12.50. 

"EXHAUSTIVE treatment of each 
^ topic in every subject neceasiia- 
es the demand for monographs to 
ncet the requirements of students of 
idvanced courses The monograph 
jnder revic^^'. which deals with selcv- 
ed topics in cheni.v(ry« is rnattempt 
n this direction. The book consists 
)f two parts: first part contains 
chapters <1'4) and second part chap- 
ers (S-6). 

The first three chapters deal with the 
heory of structure of atom from the 
arliest time to the present. Chapter 
. describes the historical develop- 
nent of the structure of atom from 
Daltort, who considered atoms to 
>e small, hard and indivisible parti- 
iles, to Bohr who gave the quantum 
nechanical description of the same. 
:nown as the old quamum theory, 
i^pter 2 describes the structure of 
noro on the basis of wave-mechani* 
'A\ model which takes into account 
.he wave-panicle duality of matter. 
The authors have succeeded in des- 
iribing the same frooi basic prirtci- 


ples» but Compton effect needed more 
elaborate treatment. Tfl Schroedin- 
ger’s wave equation (sec. 7), wave 
fuiKtion 4 is confused with g. The 
authors have utilized both these 
functions for describing time-inde¬ 
pendent wave function, whereas the 
latter is generally taken to denote the 
total wave function including time- 
dqwndent part. Chapter 5 deals 
with the arrangement of eketronsand 
their energy levels in atoms. Cer¬ 
tain terms (e.g.. degeneracy and 
selection rules) are not explairted 
when used for the first time. 

Chapter 4 deals with the Schroe- 
dinger's wave equation. A few ^p- 
plicationsof this equation, e.g.. parti¬ 
cle in one and three-dimensional 
boxes and hydrogen atom, have been 
treated well. In this chapter, rules 
of quantum mechanics should have 
also been irKluded. 

Second part of the book describes 
the periodic classification of elements 
and periodicity in atomic properties. 
The historical development of Perio¬ 
dic Table from Proust (1615) to 
the present is described very 
lucidly. The authors elucidate 
(he electronic configurations of 
all atoms, and the classification of 
ions on basis of their electronic 
configurations. A chart is 
given depicting the ground stale 
electronic configurations of all the 
105 known elemenu. Slater's rules 
for calculating effective nuclear 
charge have also been given. The au- 
thon have discussed all the atomic 
properties, especially the physical 
properties thorou^ly. 1d»s on ioni¬ 
zation potentials, electron affinity 
and dectronegativily have been 
adequately dralt with. 

Each chapter of the book U enri¬ 
ched with appropriate figures and 
tables. At the end of each chapter, 
objective type questions with ans¬ 
wers, unsolved questions and re¬ 
ferences have been included, it is a 
pity that there are many printing 


mistakes in the book. In certa 
cases, repetition of subject-matter 
not desirable. The raonograpi 
otherwise, is a good attempt to mei 
the demands iif students of B. S 
(Hons.) and M.Sc. in chemistry < 
various Indian universities. 

H.O. Cum 
Dept, of Moteriais Scienx 
Mian Institute of Technoh^ 

Kanpi 


ELECTRICITY AND ELECTRC 
NteS by S.L Kakani, H.B. Saxeru 
U.L. Chhijed and M S. Lodh> 
The Students Book Co.. Jaipur 
Pp. 348, Rs. 13.75. 

LECTRONICS. the branch c 
science and lechnoli^gy whic 
is concerned with the study of ih 
phenomenon of ccmduciion o 
electricity in vacuum, in gas. and ii 
semiconductors, and with the appli 
cation of devices which use thes 
phenomena, has expanded so wid 
that it has made room fur itself ii 
every discipline of science. Elec 
trkily and electronics are th: back 
bone of the present day technologica 
development. 

The authors have rightly divider 
the subject matter mto two section^ 
In the section on electricity, the au 
thors present brief reviews of ballis 
tic galvanometers, tmnsient currents 
alternating current circuits and cir 
cult artalysis. This section start 
with the introduction of gal van o 
meter, and describes various method 
to measure electrical quantities b] 
the use of galvanometers witi 
necessary description. The transien 
currents produced by sudden open 
ing and closing of various simp) 
electrical circuits having dc 
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iourc« have Mare» 

»w the current eluQgei in tiine 
M been carefully eummed. and 
he properties of rtsittance. indoc- 
ance and capacitance subjected to 
ransient currents have been ex* 
)lained. The simple circuits eonsis- 
ing of resistance, inductance and 
apacitanee, and the analysis of net* 
vorks have also been described. 

The electronics section is mainly 
>ased on electron emission, ihermio* 
tic vacuum tubes, conduction in 
cmiconductors, semiconductor de« 
'ices, rectiflers, vacuum cube ampli- 
iers. transistor amplifters and va* 
:uum tube oscillators. The princi¬ 
ples of thermionic vacuum tubes, 
ectifiers and vacuum tube ampli- 
lers have been discussed in detail. 
^ brief review of all types of tube 


VIELTING BY LEVITATION 


entre. The situation in Fi|. 4a 
I also stable with respect to bori* 
ootal displaceDent. 

tpplicatloa 

In the actual application levita- 
ion can be carried out in air. vacuum 
r in inert atmosphere. The 
lolten levitated mass can be mmo* 
ed into a suitable receptacle or 
imply dropped as a whole by merely 
djustiop the current in the coils. 
Q general, iron base alloys are most 
eadily levitated and melted. Other 
samples include At. Cu, Ni, Ti, Zr, 
lb, Ta, etc., and various alloys of 
Kese metals, h is dif&ult to melt 
Dme metals, with a high melting 
oiot, like tungsten (m.p. 3370*C). 

CIENCS REPORTEB 


ampUtos has bees grven is Chspter 
6, in which the diagria siaes are no 
reduced that it b diftenit to under- 
tUod them. Saailar is the case in 
the chapter oa traasidor amplifier. 

In such a small volume Che au¬ 
thors have touched upon a lar^e 
number of topics. A significani fea¬ 
ture is that many of (he proUems 
presented at the end of the chapters 
involve numerical calcolatioas which 
arc indeed helpful to clarify the theo¬ 
ries described. To create confidence 
in students, some problems have 
also been solved. The book is use¬ 
ful to B.Sc. (pass course) students. 

As a matter of fact, the titk is 
misleading as the book does not 
cover su^ient literature on electri¬ 
city and electronics for even graduate 
students as claimed by the authors. 


(Coermed fiom pagt 420) 


Such metals can, however, be tnehed 
using supplemeniacy heating sources. 

During melting under inert at¬ 
mosphere or vaennm, the vobtife 
impurities art easily eliminated from 
the suspended mass. Levitation 
melting then becomes anaidin refin¬ 
ing. In the laboratory, the arrange¬ 
ment is used for direct observation 
oa reactioiis of wrions poet with 
liquid droplets. Such audits are 
extremely us^nl in better under¬ 
standing many tndaOriaJ pheno¬ 
mena. Small, dean naanigs may be 
produced by dropping the levrttled 
mas into a metiUic mold. If the 
mold is cold then there would he 
rapid quenching. So inrtifiiM this 
may resuh in improved piDpertiaaod 
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Urn prime ohynctive of the authors I 
wrlm this bonk, in the opinion i 
thk revi e w er , mems to introduc 
ekctroiiict to the reader, because 
is dificuh to write an up-to-dai 
GOttprehcQsfvc book on such a wid 
Bufcyect as dectrenics. Though th 
authors have introduced the subjec 
well, they have not kept their promis 
to base their book **on new syllabu 
for d^ree aod postgraduate stu 
denis of Indian universities’* a 
mentioned on the first page. 

VUENDER SHARM^ 

Mkrow/jve Laboratcr, 
OtporPnent of an 

Asirophyaic 
Uniytniiy of Dt\l 
Z)rM/* 
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1. Okiesa E.C, Wrougbeon, D.M. 
Comenetz, G. Brace, P.H. am 
Kdley, J.C.R., Electromagneti' 
i^viatioa of Solid and Moltei 
Metah. /. App. Physics, Vo) 
23. May 1R52. pp 545-552. 

2. Simon. L, Little, Arthur D. 
Forces Acting on Sphere Coo 
doctors ia Magnetic Fields. 2 
App, Hryoiea, Vol. 24, Ho. I 
iaa. 1953, pp. 19-24. 

3. Booth. A IL, Charles. J.A., Levi 
tntkm MeUng Apparatus foi 
Phnae Eqiflbria Studies, Natun 
Nov. 12, 1966. pp. 750-751. 
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Much nicer in colour 


Think what a difference 
colour makes. Colour sells* 
attracts attention, and 
creates happiness. 

Colour-Chem pigments 
beautify textiles, plastics, 
rubber, paints, leather, 
printing inks, myriad other 
materials. 

And Colour-Chem's 
various intermediates for 
dyestuffs help manufacturers 
save on import licences. 

An added service: 

Our technically trained 
experts help you achieve 
superb results. 

COLOUft-CHCM tlMITlD 
Ravlndm Ann«x*. Dinthvw V«chK4 
Bombay 400020. 

In c*chnlc«l colUbor«tion with 
B4V«r AC. W»tt Q4rin«nv and 
HoacKct AG. 

Watt Gtrmtny, 
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PRICE OF 

CA74ICT OP. AMP. 
REDUCED TO 

Rs. IS/- (from Rs. 15/-) 



Applications; 

Comparator 
DC amplifier 

Integrator or differentiator 
Multivibrator 

Narrow-band or bano-oass filter 
Summing amplifier 

Featuree: 

Short circuit protcctioit 
* 

InicrncI froquoncv oomoonMIion 
High ooon loop goin 
Low input bict current 
Low input offtet current 
aelenceO input 

Opereting temporeture renge 0* 10 70*C 
Aveileble in S leed To - S peckege 



Muimttm fr. • 




DC euK>^y voltege 
(Between end termineli> 
Differential input voltage 
DC input voltage* 

Output arMut'Clrcuit duration 
Device diasipetlon upto 70 *C 


: 3$V 
: *30V 
: tISV 
; Indefinite 
: 500 mW 


If supply votiage ic lees thart 4 15 vellt llw meximum 
input voltage ia egual to ihe supply votiage. 
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Cemponentt Seles Division 
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RETINAL DETACHMENT CAN CAUSE BLINDNESS 



Re. 1.00 


COUNCIL OF SCIENTIFIC 
& INDUSTRIAL RESEARCH 
NEW DELHMIOOOl 


A LOOK INTO THE IONOSPHERE 
SEA SEDIMENTS TELL OF EARTH'S PAST 
HOW ARE CLANDESTINE TVs DETECTED ? 
SOME UNIQUE FROGS AND SNAKES OF INDIA 
HOW MUCH PESTICIDES IN OUR FOOD ? 


NATION REGAINS 

SPIRIT OF ADVENTURE 1975-76 


New life in 
villages 

^ Over six ar^d half milfion house sites allotted; 
368,000 of them developed. Construction of 
246,000 houses completed. 

0 Bonded labourers numbering about 47,000 
freed. 


9 Land ceiling laws yield 1,667,000 acres of 
surplus land, out of which 424,000 acres have 
been allotted so far. Beneficiaries number 
nearly 180,000. 


0 Nineteen Rural Banks set up: 50 more planned 
during 1976-77. Co-operative credit institutions 
strengthened. 


dsvp 76/68 



NATION REGAINS 

SPIRIT OF ADVENTURE 1975-76 


Progress in 
Power Output 


All-tima high of 78.764 million units Qsnsritsd. 
Racord output of 260 million units par day. 


28 naw power units ganarstad 1800 MW, 20 of 
them between September 1975 and March 1976. 


Z060.000 hectares of additional irrigation potential 
expected to be created this year. 


6,356 villages electrified, taking the total to 
174,079,140,000 pump sets energised. 


7«/ae 


19M 



SCIENCR RCPOSTE 


to our 
contributors 


# SCIENCE REPORTR ixlcom e* trtidct of obtorbiDg iDterot on tdoM ind technoloiy. Conuibucioni 
puMkhcd in the Journoi will be ptid for. 

• Artklci <(bould be «t to the Editor, SOENCE REPOKTEB, CSIB. Rtfi Merg, New Delhi*! lOOOl. 

• The fora tod Btneer of pietcotttioa of the subject ihould be euUy undertUDciable to the undergrtdutt? 
levd. 

# The leagUi of the artide, written eidusivety for the JounitJ, may be about 2500 words. 

# Tbe matter ihottld be typewritten, double space on one side of the paper; Ibe origiDal and a carbon copy 
are Co be ml 

• Tbe article should preferably be itiuatraced; captions and legends typed separatriy and attached at the end of 
the article. Photographs should be on glossy paper. 

# While quoting names of scientists, etc., their initiaU, natioftiUiies and periods of research under rerereoce 
should lAvariably be aacntioocd. Afl vdghls and ■usmti ^ouid be ghea li Metric Ualta. 

• A short note about the contributor should siso accompany the article. Tbe note should contain age. 

aGcompUshflienU, important assignments held, 5elds of research and hobbies. 

# Anides or iOustfilions published in tbe Journal can be reproduced with permission of the Editor. 

• The Editor ree cnus the right to refect even invited articles without auigoing any reason. 


SUBSCRIPTION I 
FORM 




To 

The Editor 
SCIENCE REPORTE8 
C.S.I.R.. New Demi-110001 

Please enter/renew my subscription to SCIENCE REPORTER 
for one year. I am sending Rs. 10.00 by M.O/P.O. 

No.dated.marked 

payable to CHIEF (ADMN.), CSIR. NEW DELHI-110001. 



AUGUST IfH 








SCIENCE 

REPORTER 


VOL. 13 AUGUST 197 e NO. 8 


4S3 LETTERS 


4S4 PLANETS AND THEIR POSmONS-SEPTEMBER 


MAIN ARTICLES 

4S5 Decf M fr*e«l icmtt of eirtl'f past 

462 Aglto^ortaiMpEfff 

467 Praopacti of aoouitk hybrWisatloi Ib pitots 

471 TU Ran dot p^ta 

471 Retdal 4e<acbaMs( cao caoe Ubdocis 


5. Krishnaswami 

D.K. Gangopodhyay 
S. C. Roy 
DUtp M. Salwi 
Bijayananda Pofnaik 


ekan Raporftr li ImmS BMlhljr. 
te Cowcil of ScMde A 
acard mmmo oo rofpooiiNJNy 
c de ttatfmtao uS oplotoot 
IvtiKoa bj conrMors. 


48S SaENCC SPECTRUM 

Tekviiion dctsctor ears—Lymphocylas the cellular basis of immune m 
poose—Improvements in |enc isolation techniques^Bionics, the scienc 
that copies from nature—Odour communication in man—Bajra caust 
ergot poisoning—Unique frogs and snakes of InOia—Gars and gharials 

499 NEWS AND NOTES 

Dr. M.L. MunjaL*^ interview 


vT«r 

Ufhrouli: A cnaUrifl (RMraccDt) 
lotogrtsa ef the ret Jet. iiuft' 
vliiM bedg tsamlBed aid aa 
idirrcl optilhaliioceoH. 


500 MEDICAL NOTES 

Caution about bnast injections—Pesticides in our foods 

503 SOENCE FOR 1>IE YOUNG 

Silk—the queen of fibres—Surprise in sizes— 

Science wheeJword puzzk 


508 SaENCE IN INDUETRY 

Electronic score board—Radome 


510 BOOK REVIEWS 

India: The Energy Sector—Let's Discover Science 


AoniMl SabscfipUon 

(Blind : Rs» 10.00 

Foreign t | 5.00 


Eiilar: S.P. Ambaua AaM. Eatiari: C.B. Sharmi. Zska Imam 
KiilwUi SiafT: Dilip M. Sahvi. Hisha Miva Sain 1 A^rt.: C.N. Jaiwat. C.E. Stipek 

Pradarlba: V.S. Chalurvadi 



Kq4>h your envlroomeftl 

Sir. Apart from Ihe air, water and 
and pollution mentioned by the late 
>r Seth in hi5i K&ow your eAvirooBient 
S.H, Jan.. 1976). noise pollutjon m 
ndia ix no longer uncommon. Noise 
k not just an irritant but a definite 
hreat to health. Webster defines 
loise as "a sound that lacks agree- 
ble music quality or U noticeably 
oud. harsh or discordent'*. Noise ia 
f uneven sound waves and gagged 
D appearance if viewed in an oscil- 
9$cope. Noise is measured io bels 
after Alckander Graham Bell). A 
ecibel ix 1/10 of a bel. Depending 
n the quality or pitch of the sound 
lain is inflicted at about 120decibels, 
r one bears a sound of 140 decibels 
or a few minutes or 150 decibels for 
few seconds severe pain and tempo- 
ary loss of hearing will result. Noise 
f a jet plane taking off at close 
foximity is one billion times more 
iteose than the normal teveT. (It is 
40 dB while the background noise 
i SOdB only). 

Workers in a very noisy factory 
n liable to lose an average of SO 
ecibels of their hearing range by 
'orking for 15 years at 100 decibels 
oise level. Hence Ihe normal range 
f 20-25 dB changes to about 70 
B A lawn mower makes 100 d9 
f noise to the user. Prolonged expo- 
jre to high intensity noise results in 
)ss of hearing and even total deaf- 
ess, ulcers, severe headaches, sto- 
lach upset, allergies, asthma, insom- 
ia and emotional breakdowns. At 
n unexpected or unwanted noise the 
upilsofiheeyedilate.ihe skin pales 


and the mucous membrane dries up; 
there are inlestinni spasms tod the 
adrenals explode excretions, lo t 
nutshell, biological organism is 
disturbed. ExperimeDls with rats 
showed gastric ulcers, thymus gland 
atrophy and over stimulation of 
Ihe adrenals. Psychologist Dr. 
Edward C.Hews reports, '"Prolonged 
subjection to an unpleasant noise or 
even a pleasant sound which is too 
loud or which comes at the end of a 
borrowing day. can lead to severe 
mental deterioration, and in some 
cases, violence. Even some people 
consume alcohol, drugs, tranquil¬ 
lisers and sleeping pills lo get out of 
this hazard". 

A.K. KuaeAXACUgu 
Hesearch Scholar, 
Centre of Ad'rat^ced Study m 
Marine Bioiofy 
Arutamatai (Jninrstiy 
Porto SOPO-6B8502 


Comnaakatiet by aatcliitea 

Sir. It has been mentioned (Com- 
nmieatioa by mellltea, 5.R. Manh, 
1976) that a satellite at a height about 
35,6S0 km io a circular path over the 
equator becomes 'sutionary* as it 
synchronises with the rotation of the 
earth. It has been further mentioned 
that at this height three uniformly 
spaced satellites, may be equatorial 
or inclined, can 'cover* the entire 
surface of the earth. This statement 
IS correct, however, for stationary 
satellites in the equatorial plaoe. If, 
on the other hand, the orbit ia in¬ 
clined to the equator the point on the 
earth directly beneath the satellite 
will not be fixed but trace a figure 
eight symmetrically about a meridian 
line, moving north and south of the 
equator to latitudes equal to the 
inclination angle. 

S.K. GuhTU 
Offence Sc. Laboratory 
Metcalfe House 
New OelM 


Sir, 1 read the too familiar argi 
Dents of S. Laman Rao in 5.i 
Feb., 1976. Views expressed by Ri 
about the use of jnushroomi by th 
poor are totally baseless and mislea< 
ing. Mushrooms sell it Ri. 25/- pt 
kg in Ihe market. The preparation c 
250 gm of mushrooms (markete 
as Khummi) would cost R$. 12/ 
So. in a poor country like India, : 
t$ meaningless to suggest to the poc 
people (he nutritional value of musl 
rooms. The mushroom industry ca 
nourish only in rich Europei 
countries. Further, the develop 
ment of mushroom industry is no 
easy. It is beset with difficultie 
arising from the presence of parasiti 
fungi, active insects and weeds Ilk 
VeriicilUum sp., Mycoyone perrnidc 
sa, Dactylium sp.. Bacterium lolast 
and others. 

Indians can make good use o 
mushrooms if they are encouraged t 
prepare ink (obtained from Coprlnu 
comatks —a mushroom) and anti 
biotics. 

PusHKEi Saxen^ 
D.A.y. College 
Kanpu 

Aafitratapiraata 

Sir, 1 read with much interes 
Aatftraa^lruCa radace the wale 
meed Ia agrkaltwe by M.K. Stdhi 
(S.R. Nov., 1975). The author says 
"Except in conditions of high isola 
lion and relatively hi^ humidity 
plant leaf temperatures are ver 
close to ambient temperature**. 

The possible effect of the transpi 
rational stream on the uptake ant 
transport of minerals has been mud 
debated in recent years. Then 
appears to be some effect of trans 
piration rate on ion uptake. 1 requei 
you to explain it 

Naiikdak K. Skakm^ 
Molhotrian Stree 
Old Hotpital Root 
Jammt 


u 

Sir. Thinks for tbe informative 
nd interesting articfe Antilraaspi* 
iBta re4tK« tbe water aetd ia agri* 
Dltore (S.R., Nov., 1975). I would 
ke to know the role of aniitranspi- 
int$ in improving sugar content 
nd mechaoicai strength of plants. 

M.J. Khan 
Dtpit. *}f Botany 
Covt. PnO. College 

Mandsaur 

'ransplration and leaf temperature. 
leaders should read Insolation in 
lace of isolation. 

The energy input to a particular 
lent or leaf comes from direct solar 
idiation. A smell amount of this 
nergy is used in photosynthesis and 
still smaller quantity of heat can be 
to red in the leaf, but most of the 
nergy load of leaves is dissipated 
y three mechanisms: reradittion. 
onvection of sensible heat and latent 
eat transfer by transpiration. Detail 
tudies of the energy exchange of 
arious types of leaves have been 
onductcd by several workers and the 
cader may refer to the following 
eferences for further details. In this 
snnection. I would like toemphasire 
hnt leaf temperature is not haed. 
ut rises and falls as a result of conli- 
uous interaction between several 
nvironmental factors. 
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Transpiration ond ion uptake. 
D.R. Hoigland and his associates 
(1944) found that transpiration has no 
direct effect on salt absorption. They 
concluded that any increase in salt 
uptake accompanying increased 
transpiration is an indirect effect in 
which more rapid removal of salt 
from the xylem in the roots causes 
more rapid active transport into the 
xylem. This view was generally accep¬ 
ted until 1953. when B. Hylmo on 
the basis of his experimental results 
reopened the question by indicating 
that transpiration directly affects salt 
uptake It is difficult to review the 
voluminous literature which has 
appeared since then and the reader 
may refer to the following reviews 
for details. There is no doubt that in 
many instances increased water up¬ 
take due to rapid Iran«pirational 
water loss is accompanied by in¬ 
creased absorption and translocation 
of salts to the shoot. However, it 
remains uncertain whether tanspira- 
tion causes the increase directly by 
increasing mass flow of ions into 
roots in the transpiration stream, or 
indirectly by stimulating active trans¬ 
port into Ihe stele or both. Never¬ 
theless. on the basis of reports ob¬ 
tained so far following generaliza¬ 
tions can be made: 

(j) Under conditions of limiting 
minerals in the soil (1 mM or less), 
wide ranges in transpiration rate 
make little difference in the uptake 
of minerals, but when soil minerals 
are abundant, uptake may be related 
to the rate of transpiration. 

(il) In ease of ions absorbed acti¬ 
vely, especially those that are quickly 

metabolised fe.g.. NO*, NH^ the 


effect of transpiration is slight avi 
at high concentrations (80 mM). 

(lii) In case of some plants (e.g 
maize, beans) the effect of tram 
piration seems to be slight eve 
at relatively high concern ration; 
but in other plants it appears t 
be significant. 

keferences 

1. Brouwer, R. (1965), Ion absorp 
lion and transport in plants 
.4rtn. Rev. Piant Phy.tiol., 16 
241-266. 

2. Russel, R.S. and Barber. O.A 
(I960), The relolionshipbetweei 
salt uptake and the absorptioi 
of water by intact plants, Ann 
Rev. Plant Phy.tiot.. II; 127-140 

M.K. Sadhi 

II 

Various materials have been trie< 
to reduce transpirational water los; 
and diverse results have been reportet 
on Ihe effect of antitranspirants oc 
different physiological processes 
However, reports accumulated st 
far indicate (hat antitranspirants 
in general, reduce photosynthesii 
causing reduced carbohydrate leve 
in the plant. Plastic film forming 
type antitranspirants are reportec 
lo increase the mechanical strengtl 
of plant as is evident from a lowe; 
incidence of certain fungus disease 
and insect infestations, even wher 
the aniitranspirant is nontoxic t< 
pathogens. Growth retardants, whici 
have also been tried as antitrans 
pirants. are reported to increase 
mechanical strength of cereals 
reducing lodging in heavy rain an< 
wind. 

M.K. SaOKI 
CoHege of Agn'euiturt 
Univ. of Caleutu 
Cairuiu 
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The moM 

F ull moon occurs on 8th &t 6-22 
p.m. and new moon on 24ih at 
1-25 a,m. I.S.T. Them oon passes 
about a degree south of Jupiter in the 
night of 14th» six degrees .south of Sat¬ 
urn on 20tb and about half a degree 


south of Venus on 25th. The lunar 
crescent becomes first visible after 
the new moon day in the evening 
of 25th. The moon U at apogee or 
farthest from the earth on 1 3th axtd 
at perigee or nearest to it on 2$lh. 

The sun is at the autumnal equinox 
on 23rd. 


Mtreury (Budha), an evening sta 
sets about an hour after sunset durir 
the first quarts of the montl 
Thereafter it is loo near the sun to ( 
visible being in inferiorcoqjuQCtio 
on 22nd. Towards the close of tl 
month it reappears as a morning %U 
and rises about an hour befoi 
sunrise. It passes about foi 
degrees south of Man on lit. fi) 
degrees south of Venus on 6th an 
beromes retrograde on the 9tl 
it moves from Virgo (Konya) to Le 
(SnnAnl by retrograde motion. li 
visual magnitude is about 

Venus (Sukrt), an evening sta 
sets about an hour a^cr sunset durin 
the month. It passes about half 
degree north of Mars on lllh an 
about three degrees north of the su 
Spica (Chitra) on 20th. It move 
from Virgo (Konya) to Libra (Tula 
Its visual magnitude is about —3.3. 

Mars (Mangala), visible in it 
evening sky. seu about an hou 
after sunset during the first thre 
quarters of the month, after whic 
it Is Coo near the sun to be visibh 
It moves from Virgo (Konya) I 
Libra (Tula). Its visual magnitud 
is about -f [.9 

Jupiter (Brihaspati) rises about tw 
bouu before local midnight durio, 
the fint half of the month and abou 
three hours before it during th 
second half. It becomes retrograd 
on 20th. It is in Taurus (Vrisha] 
Its visual magnitude is about —2.^ 

Saturn (SanI), visible in the morn 
log sky, rises about three hours afte 
local midnight during the first hal 
of the month and about two hour 
after it during the second half. It i 
in Cancer (Karkata). Its visui 
magoiiode is about +0.6. 

(Source; Nautical Almanac Unit o 
the Meteorological office, Alipoit 
Ca1cutu-27>. 
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Deep Sea 
Sediments 



The dadig mctbods i■trodQi 
the ptraneUr of tine ii ti 
itedj ei tern mdimtui 
U cttftbles ■ to recoo st m 
e«rli*s post io a cferoooiogic 
ordet 


N ature bts beea wnliDg I 
•utobtoyraphy liiice it» bill 
lls pafn, for tbe pul lemml millioj 
of yean, are the layen of icdimei 
boned voder tbe oceaoe aod tbe roci 
over the cootinenti. The coolioent 
records are incocn^ete aod ilkfib 
due to destructioo of evidenoea I 
erosion, but those io tbe deep sc 
sedinenu are iotaci siving acont 
nooDS record of earth's paal. Thi 
unique nature of deep sea sedimeni 
baa stirred a good deal of interet 
aaiong seochemista who are tryin 
to use ibeae deposits u a tool t 
recoosinict tbe earth'i andeot hu 
tory. SevenJ techniques have bee 
developed to decipher tbe message 
contained in the eedimeots. One c 


them is 'radiometric dating,* Thes 
dating methods introduce tbe para 


meter 'time* in these studies whid 
allows the reconstniction of earth* 
paA In a cbronologicaJ order. Her 
we wiB dieciisi tite priodplee acM 
an^Ucatiooa of these methods. 

Deep sea sedimeau are fotroed b 
partide*by*ptrtide aettliag of mats 
rials introduced into tbe 


Dr. Krtsboaseami is pBocoiawphyiidsi as ibe F b y d wl Rasar^ Uborewy. itlaiwlelad Unnns 


'h«se putide$ eondit of minenls 
rought from the cootioente by riven 
nd wiod, flekes of vokamc ash, 
keletil remaios of countku marloe 
rgaoismft and cosmic materials 
lUing from outer space. Since parti* 
lea are settling one over the other, 
ie male rial deposited yesterday wilt 
e coveredby new particles of today 
nd today's deposit will be covered 
y materials of tomorrow, and so on. 
i downward sequence in the sedi* 
lent ii therefore a sequence back 
1 time. Since these sedimentary 
squences extend over the past several 
liDions of years, they contain dues 
d many fundamental questions re* 
arding earth’s put history. To a 
eologisi the sediments tell the story 
if volcanic eruptions, formation and 
etreat of ice sheets, climatic changes, 
tc.; to a biologist they provide 
nformation on the evolution of life 
nd the emergence of man; to an 
strophysicist they give clues to the 
ime variations in the input of cosmic 
laterials on the surface of earth. To 
inderstand all these global events se* 
iuentia)ly. it is essentia) to introduce 
he parameter ’time* in these studies, 
to ’date* the deposits. Sdence of 
lating the past is known ai *geo* 
hroDology*. To study ancient world- 
ride events we need to, (I) collect 
indisturbed columns of sediment, 
cores', and (ii) date them using 
uitable techniques. 

Cores for studying earth’s past are 
ollected generally from the open 
>cean .*egions, i.e., far away from the 
:onti&eots. This is because a core 
ollscted from the open ocean region 
vould cover a much larger Ume span 
ompared to a core of equal length 
aised near the coast, si nee the amount 
»r material depositing per unit of 
ime in open ocean areas is much less 
omptred to that in near coutal 
nvironment. The cores are collect* 
d by allowing simple tabes (corers) 
0 penetrate into the sediment either 
ly gravity (gravity coring) or using a 
listen (piston coring) and carefully 
luling them back to the ship. 


Though it reads sim^, colkction 
of undisturbed cores is a tedious 
and time consuoing Usk. Using a 
gravity coring device it is possible 
to get about 5*S m long cores, 
compared to piston cores which can 
be as long u about SO metres. During 
the lut decade, through considerable 
advances in coring technology (Deep 
Sea Drilling Project, DSDP), it bu 
become possible to obtain cores as 
long u 1000 m. 

Geocbroftologfcal methods 

Oeochronological methods can be 
broadly classified into two categories: 
(i) stratigraphic; and (ii) radiometric. 
Stratigraphic methods are based oo 
the study of ’’strata” or layers pre¬ 
sent in sediments. The stratigraphic 
method of dating can be better under* 
stood through the following analogy. 
Let us assume that, one day in the 
past, our ancestors threw a number of 
red pebbles over a large area of the 
ocean. Today when we collect cores 
from different regions of the ocean, 
we might hod a layer of red pebbles 
occurriog at different depths in them, 
i.e., in one core the pebble layer 
may occur at 10 cm from iu top 
surface, in another it may be 
present at 100 cm from top. The 
depth at which the pebble layer 
occun will depend upon the amount 
of material deposited after the sub¬ 
strate layer has been formed. How¬ 
ever, the time elapsed since the forma¬ 
tion of pebble layer (i.e., the age) 
would be the same, as all of them were 
thrown into the sea on Che same day. 
This age is independent of the depth 
at which the layers occur. Though this 
method of dating seems simple, it is 
applicable only if we know the day on 
which the pebbles were thrown into 
the sea. It means that, for using the 
stratigraphic methods for chronolo¬ 
gy, it is essentia] to know the tiine of 
formation (age) of the layer. Once a 
core coDtaiaing such a marker has 
been dated, tbe level id an other cores 
where that particular marker has been 
found can be asiigsed tbe same age. 


In deep tea sediments 'red pebble 
are not found but we can recogniz 
different layen using other types c 
markers, e.g., (t) variations in colot 
(due to the deposition of differeii 
types of sediment); (ii) faunal change 
(caused by tbe variations in the reli 
live abundances of marine orgi 
nisms); and (iii) changes in the mat 
netic direction of sediment particle 
(caused by the reversals in the earth' 
magnetic field). Now the problem i 
to asceruis t he ages of these differev 
markers present in sediments. Thi 
is achieved through radioactive di 
ting techniques. Before we go into tfa 
details of radioactive dating, let u 
first briefly discuss the process o 
radioactivity. 

ItadieaetiTfty aad radtoMclldcs 

The atoms of several elements thi 
occur in nature have unstable nuclei 
These unstable nuclei transform o 
decay to more stable states by givtn 
out different types of emanation 
This process of transformation i 
called “radioactivity*’ and the ele 
ments that undergo this process ar 
called *’radioactive nuclides*' o 
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‘7 feet reassurtJ H'ften you say that 
it ytHir interests ore not m thinx-^ 


radioactive isoiop«>’'. The original 
ulioactive atom is called the 
parenl" and the ulom formed after 
)e decay is called (he ''daughter'* 
s.r, »»U decays to *^h by 
milting an alpha panicle; 
ere is the parent and »*®Th ia 
tc daughter). 

The radioactive decay follows 
mplc lawx. The radioactive decay 
ite of a group of atoms of a radio* 
uclide at any time is proportional to 
ie number of atoms present at that 
me. The proportionality constant 

is known as the 'decay constant', 
is a definite and specific property 
f the nuclide. Its value depends on 
ie element, and is independent of its 
hysical state and environmental 
onditions (e.g., temperature, pres- 
lire) in which the element is existing, 
'he radioactive decay law can be 
xpressed as 






.. 0 ) 
.. ( 2 ) 


'here Nt is the number of radio- 


Clive atoms at time i and N« Is the 
liginal number of atoms (i.e., at 
sO). From relation (I) we can define 
nother useful parameter, the half- 
fe of the radionuclide. HalMife 
r^) is the time during which the 


umber of atoms decreases to half of 


t original value (i.e., when N* be* 
omes N«/2). For example, if 1000 
toms of a radionuclide decay to 
00 in an hour itshalMifeisonehour. 
.t the end of second hour half of 


SCO (i.e., 250) atoms will survive, 
and at the end of the third hour there 
still will be 125 atoms of the 
original nuclide. Thus it will lake a 
very longtime to decay aU the atoms 
of the radionuclide. This type of 
depletion process (Fig. f) is knuwn 
as the 'exponential decay'. 

Every radioactive parent atom 
produces a daughter atom, which 
can either be stable or radioactive. 
If it is stable, then its number of 
atom> increases with lime. If ihe 


daughter is radioactive, there rs 
competition between its producitc 
and decay. In time, it attains a 
eQuilibriuro value governed by tf 
halMives of the parent and daughu 
nuclides. A measure ol the growth < 
I lie daughter nuclide will also be 
lime indicator. It is this characlerii 
tic property of radioactivity* eitht 
the decrease of the pwrent concenln 
tion or the systematic increase of th 
daughter in (ime-that makes it 
useful geological clock. 




F^. 1. RadkiMtIn teey folliui tbe ^ipoiiarttal procen'. N, ii Um eumba 

er steal eC ike ratfkaicSUe u (he btlaiinf, wMch SMan irtih a Mf*llfc of on 
haa. The graph li e plot ef Ite legwWia of ite swrlHiig Mom egilw 
(tee. (eapraaeiel top vtea ploM oa aal-logarttolc cooHlraiM ghei i 
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The radionuclidee whkfa M hM' 
il for feocbroflototy eta be cItM* 
td into two groupt bteed on tbdr 
lode of fonattion. 

Cosmic ray-induetd rmeUdes. 
hey tre produced conCiniwittly it 
ur itmoipbere. Coeouc rtys coming 
rotn outer iptcc encouotef ttomi of 
0| or Ar and split eome of them 
roducing several nuelidea, e.g., 
>Be. 'K, **Si. The htlf-lim of theie 
uclides, though relatively abort* 
ccur in atmosphere and ocetps 
^ metsurabk concentrationa be- 
tuie of thei r continuous prod oetion. 

Primordial. They tie nuclides prO' 
luced by burning of hydrogen in the 
nteriorof stars and were incorporat* 
d into our solar lysletn (tod hence 
nio earth) during its formation. Be^ 
:ause of the very long btlMife of 
hese nuclides (billions of yean) they 
ire still present in meuurable quan* 
[ties on the surface of the earth. Such 
nuclides include potasiiuin-40* rtibi* 
lium«87, thorium-2S2. uraniuffl'135 
md urinium*238. In addition to 
hese parent primordial nuclides, 
everal of their radioactive daughter 
jroducts are also useful for geochro' 
lologica) work. 

The nuclides which are commonly 
ised for geochronological work arc 
{iven tn Table I. The application 
)f these isotopes for dating is subject 
o their satisfying a few condinons. 
^me of them are: 

(i) The initial concentration of the 
tuclide <N> in equation 1) must be 
(nown. Alternatively, if growth of 
i daughter is used for cbronology. 
he initial ratio of number of atoms 
)f the daughter to that of the parent 
nust be known. 

(ii) There should be no gain or 
OSS of the parent or daughter nuctid- 
:i from the system other than by 
adioactive process. This is called 
he '^closed system" assamptioa. 

Another important factor to be 
considered ts the appUcibility of the 
adiODuciide for dating the time 
ntervtl of interest. This is governed 

)y the half-life of the isotope. In 


general, the upper time limit for 
which a radkwndide can be used 
for dating a about 6-7 times its 
halMife. Tlui is because after 6-7 
haJf-livea. the concentration of the 
radioooclide would be very low, 
less than about 2% of its original 
value and bevee would be difficult 
to measure. For example (Tl* 
5700 yrs) can be used to date samples 
which are upto 40,000 years old. 
However, with high sensitive measur¬ 
ing devices it is possible to extend 
the upper limit to about 1(^12 times 
the hatf-livcs. On the contrary, if 
the time span under study is too 
short compared to the half-life of 
the isotope, the amount of decay 
(or the growth of dan^ter nuclide) 
would be very imiiJ compared to 
the initial value. Hence to obtain 
an unambiguous eatimnte of the 
age. the lower limit of apf^icibility 
of any nuclide can be arbitranly set 
at about 1S % ^iu half-life. During 

this time, the decrease m the acti¬ 
vity of the Dudide (or growth of 
the dau^ta nuclide) would be 
about 10^ wbkb can be measured 
preebely. However, it must be 
mcntioiied that the naefulneas of a 
particular isotope depends on the 


sensitivity of the method used for 
its measurement. 

Vu of cosmic ray-produced radi^ 
nadldet 

Th ree cosmic ray prod uecd isotopei 
(Table I) are used for dating deep 
sea deposits. They are ^Be and 
Fig. 2 shows an over simplified 
picture of their production in th( 
atmosphere and transit to dee] 
sea sediments. 

is produced by bombardmen 
of atmospheric nitrogen atoms will 
cosmic ray neutrons. The tbu 
produced is quickly oxidised i* 
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would have been more pleosent." 


C1ENCE RSPOATER 


AveusT ir 



fi. 3. Decay cheia of UniiJm- 2 } 8 , l\orimhm t,ni Ur«»i»2)3 mtSdtt. •HI ta tiri "'Pa la 0» "'U 4«*y Mri« ara com 
axMly Idea for iaii«K <>>»■>• leaimeirtf. laK-llm of Ibe Torioid oodMci art abo 


^ CO«and ^ta mixed with Ihe carbon 
ioxide present lo (he atmosphere 
nd (he oceans. Since the chemical 
roperties of and the stable 
arbon (’*C) are identical, when a 
Uni on land removes COtfrom (be 
(mosphere by photosyntheaisi it 
Iso receives a proportional share of 
'C as well. Similarly, (be plants and 
trpanisms (shells, corals, foramini- 
era, etc.) which extract carbon from 
ea water for making (heir shells, also 
eceive proportional share of ^*C. 
fhe ratio which these organi- 

ms extract would be the same as that 
n surface sea water where they live, 
rhis ratio is about 1 atom of “C to 
000 billion atoms of **C. Once 
hese organisms die, they cease to 
:xtract any more **C and from 
;ea water. After their death they 
link as part of sediment, where their 
content decreases m time 
'ollowing the exponentfal law. 


The fundamental assumption of 
dating is that the pr^uclion 
in the atmosphere has been constant 
for past several tens of thousands of 
years and (he ratio in surface 
waten has always been the same as 
that of today. If these assumptions 
are valid, the age of the sample can 
be deduced by comparing Hs '^/ 
ratio with that of the present day 
sea water or that of living shells 
and organisms (N| in equation 1). 
The age of a sample gaving a **CI 
% ratio half of present day sea water 
is one half-life ofi.e.. 5700 years. 
Though is one of the most widely 
used dating methods, it can be used 

only to date the sediments eontaio- 
iog carbonate materials {calcareous 
oozea). 

Two other cosmic ray*produced 
isotopes which are used for geo- 
chronological work are **$i and ’*Be. 
The usefbiness of these isotopes was 


suggested by D. Lai and B. Peters. 
Considerable amount of work uiin| 
these isotopes has been carried oul 
by the scientists of Tata Institute ol 
Fundamenul Research. Bombay, 
and Physical Research Laboratory, 
Ahmedabad. (For an up-to-dati 
review on the applications of cosmu 
ray-produced nuclides in oceanogra 
phy, see Lai and Suess, 1966). ii 
produced by cosmic ray bombard 
ment of argon atoms present in thi 
atmosphere and is brought to Uv 
oceans and land surface by rain. Th 
"Si so introduced geU quickly mixe< 
with (he stable silicon ("Si) preseo 
in surface waters, analogous t 
Organisms which use silica fo 
their shells (diatoms, radiolaria, etc. 
extract both "Si and "Si in the sam 
ratio as they are present in sea wate 
After (he death of (he organisn 
they sink to sediments, where 
starts decaying. The estimatio 
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«|ei and iht aftinmptioni of the 
method are the ame m that for 
The grentett advanuge of this 
nethod ii that it it applicable to date 
iepoaits which are upto about ISOO 
yreart old-^ time tpan difficult to 
cover by other dating methods. 
However, thie method it useful only 
to ■edimentt rich in biogenic tilica 
[fttlicoous oozes). 

^Be produced by the fragmenta- 
UOD of atmospheric 0|-N| aod C 
itoffli by cosmic rays is introduced 
Into the oceans by rains. Once beryl¬ 
lium enters the ocean, it gets qukkly 
kdsorbed on settling particles and is 
removed from the ocean water to 
ledimenfs. In the sediments 
indergoes radioactive decay. So if 
ve collect a deep sea sediment core 
ind analyse its '^Be concentration 
it various depths in the core, it 
would decrease eapooentially pro¬ 
dded, (1) the rate of '*Be deposition 
>Q the ocean floor has remained cons¬ 
ent over the dating interval, i.e., 
ktst several millions of years, and 
ii) there has been no physical dis- 
urbanceofthecore. If these coadi- 
ions are latiifled. a plot of ^*Be 
ooccnttation versus depth in core 
hould give a curve as in Fig. 1. 
iere the value of N« is taheo to be 
he same as the concentration 
D the surface of the core, the most 
ecent deposit. 

^^Be has a half-life of 1.5 million 
ears. Because of its long half-life 
his isotope can be used to date 
amples as old as about million 
ears, a time gap not covered by the 
Timordial nuclides. 

Jse of priiDordlat nacUdes 

Uranium stries dating. This me- 
bod involves uranium and two of its 
laughter products •■Th and ***Pa 
Fig. 3). The transformation of 
"U to ••Pb goes through many 
tages; an interesting step is the 
ause at ‘‘Hh. Similarly, when 
decays to ’*’Pb it goes through 
»Pa, The and "‘Pa, pro- 

uced by the radioactive decay of 


dissolved uradum in sea i^tar, get 
adsorbed on particles and are remo¬ 
ved from sea water to sediments 
quickly. This separation between 
the parent uraoinm and daughters, 
and *'Pa. is the basis of the 
and *’Pa dating techniques. 

The and ^^Pa deposited on 
the sediment start decaying after 
their burial. The age of the sedi¬ 
ments can be estimated from the 
rale of disappearance of **nh and 
Pa. The two conditions which 
must be satisfied for successful appli¬ 
cation of this technique art: (i) 
the rate of precipitation of ***Th 
and Pi on the see floor must be 
constant over the dating interval, 
and (ii) the rate of sedimentation must 
be constant over the dating inlerval, 
i4., about 400,000 yean for 
and about 200,000 years for Pa. 
When these conditions are fulfilled, 
a plot of the logarithm of ***Th or 
Pi concentration in the sedi¬ 
ment as a function of depth in the 
core would give a straight line. 
Analogous to ^Be, the value of 
is taken to be same as the concen- 
Craiion in the surface sediment. 
Fig. 4 shows a plot of ** Tb concen¬ 
tration as a function of depth in the 
core. The straight line indkales 
that both the assumptions are rea¬ 
sonably valid. Departures from 
straight line have been observed, 
which in majonty of the cases have 
been attributed to vanatioas in 
sedimentation-rate with time. 

all the dating methods 
is most commonly used, as it is appli¬ 
cable to all types of sediment and 
is easy to measure. Additionally, 
since concentrations in sedi¬ 
ments are generally hi^ the sample 
requirements for these mosurements 
are small. 

•Jr-“"i4r method. • K is another 
primordial nuclide incorporated 
into our solar system during its 
formation. decays into two 
suble nuclides. **Ca and **Ar, by 
two modes. On an average about 
10% of **1C (i.e., about 10 out of 





Pig. 4. PMstf 4bt»afiriifem«C*^actlitty 
Vi Mpih la » ewv osMad hem 
Padhe 0 mm. Thi atadrtii am 
for ttfiTMt eopmi ta mo com arc 
alie gifca at tog. Ihi NdMalattM 
rasa of tUa com la 1.4 m/ltb** 

100 atoms) decays to the noble 
gas **Ar, the rest 90% transforms 
iato^*Ca. For geochronological pur¬ 
poses it is the powth of ^Ar which 
is of inteKSt, This is because when 
minerali an formed by crystallisa¬ 
tion from hot lava, they exclude gases 
and hence at the time of formation 
the crystals are free of **Ar, i.e., 
the ^K-^Ar clock is reset during 
crystallisation. In time, decays 
to *Kr whidi is stored in the 
crystals of the rock. Thus the ^Ar/ 
*K ratio of the sample is a measure 
of its age since its crystallisation. 
**K-*Ar technique is useful for 
age determination of sampltt older 
than about 100,000 years. However, 
its appUcatioo to d^ sea sediments 
is restricted since the abundance of 
volcanic ub tayen in cores is small. 
In spite of this, *K-**Ar technique 
has proved extremely useful for 
studying the chronology of Biagnetic 
revertali. 

So far we have discussed the com¬ 
mon methods employed for dating 
deep sea sediments. These methods 
also provide quantitative information 
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the nU of fe^lmentttioB of 
iMteria)» 00 the oceoa floor. 'Tlie 
ige / in eqiutioQ (!) it the time eUp- 
«d since the deposition of t parti* 
:uUr scdimeot layer. If the rate of 
ledimcntaiion, S (cm/yr) has re- 
oaioed constant, the time r elapsed 
ince the burial of a sediment layer 
it a depth X cm from the surface of 
X 

he core is -= years. Substituting 
o 

X 

's« y in relation <t) ,we get 


-K-s) 

AT, yv,e 

...(2) 

lnN,» —) ... 

...(4) 


'quaiion (4) predicts that a plot of 
he logarithm of activity against 
Icpth in the core would give a 
iraighi line with a slope {}jsy 
(nowing h, it is possible to cal* 
ulate the sedimentation rate in the 
ore. Fig. 4 is a plot of this type, 
rhe sedimentation rate in open 
>cean regions centres around US 
nm/IO”yrs ora few atomic layers per 
lay. Thus a 10 cm long core from 
hese regions would correspond to a 
fme span of about 10,000 years. In 
ontrast, the rate of sedimentation 
tear coastal regions would be 
iboui a few cm year. It shows that 
nuterials accumulate about 10.000 
imes faster in near coastal regions 
ompared lo open ocean areas. 

Considerable amount of informn- 
ion on the sedimentution rates and 
of sediment layers ei^ists for 
he PaciHc and Atlantic ocean sedi* 
nenis. The available data on the 
ndian ocean and its adjacent seas 
s sparse. Of these, the Bay of Bengal 
i particularly interesting, since 
bout IS% of the total solids intro* 


Table f. Nodear mdhoda for dating dae^s«a sedimcDts 


Method 

Meir-hk OD 
tyrv) 

Source 

of 

:*i''rlLahlhiy 

»C 

i.7xl0» 

CoMtiK ray mienciion 

10* 4x10 

"Si 

.1x10* 

Cosmic ray intend ton 

5 < I0HJ2- ro 


J.9x 10* 

Cosmic ray iniencilon 

n 5 <10* 10 


7.5:xlO- 

»*U dcc4> 

2 ' 111* 3 \ tU 

■»Pi 

3.43x10* 

***U decay 

10* 1.5.10 

«Ar 

1.3 V (0* 

Primordial 

III' 10* 


duced by the rivers into the world 
oceans falls into it. Attempts are 
now underway at Physical Research 
Laboratory. Ahmedabad. to study the 
chemical composition and accumula¬ 
tion rales of sediments in Bay of 
Bengal with a view to undcisiand 
their past history and the messages 
contained in them regarding (he past 
climates. 

Volumes of information about the 
earth's past are being deciphered by 
studying deep sea sediments. Perhaps 
the most important of these is the 
'Pleistocene** record (Pleistocene is 
Creek word meaning, 'most recent*). 
With the help of deep sea sediment, it 
has become possible to get a complete 
record of the Pleistocene—the epoch 
which brought forth the ice age and 
the man. Soentists are now looking 
with great interest at the huge 
reservoir of data available in the sea 
floor sediments to understand the 
cause and effect of climatic changes. 
With the availability of Deep Sea 
Drilling Cores, which probe back in 
time as far as about 200 million 
years, scientists arc finding evidence 
for several climatic changes during 
the laM 100 million years. Another 
iniportunt problem which has at¬ 
tracted considerable attention Is the 
earth's magnetic field rt ils. which 


arc al:<o being ^ u^u; deep h‘ 
sediments- P.vidciv.s Ai iMiiivilw 
ofscvcralspecK'M I •' u.i k niji.tnisn 
during revefsaU !• ; loiiiul r 
deep sea M.\liiiici<t u In .iildiiion 
there are sever:il other inUTv^|^n, 
problems lo whal; tlie Jiiswers c;ii 
he found in (hr seJrincnis Deep se 
sedimenis are iheicfore much mor 
than mere mud. They uil us abou 
(he events occurred Jong ago am 
iic( as a guideline to future events. 
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Ionosphere is solely responsible 
for short wave global conimu- 
nicatioo. By its study, the 
frequencies suitable for regular 
and reliable long distance short¬ 
wave radio conmunlcation are 
determined 


A t the turn of the present century. 

on December 12. 1901. G. 
Marconi demonstrated ihrouah his 
newly invented wireless ettuipment 
that radio wavesi could travel across 
the Atlantic. But it was a problem 
for scientists to explain how radio 
waves could travel such a great 
distance, as this could not be ex¬ 
plained with radio waves travelling 
in straight lines over the spherical 
eurih. So some conducting layer m 
the upper atmosphere, it was thought, 
reflecu the waves just like a mirror 
reflects light. The existence of such 
Q layer was lirst predicted indepen¬ 
dently in 19(12 by O. Heaviside in 
England and A.E. KenneKy in the 
United States. (1 was then known 
IS Heaviside-Kennelly layer. Later. 
;he name 'ionosphere* was suggested 
ny Watson Watt (British), the 
nvcnior of radar. The first direct 
rvidence of the existence of ionos- 
shere was shown by E.V, Appleton 
ind M A.F. Barnett in England in 
925. When the frequency of a 
lisiant transmitter was altered by a 
nown amount, they observed 
hat the radio waves formed maxima 
nd nirnima due lo (he interference 
wavc> rcficctcd from the ground 
nd the ionosphere. 

Ionosphere is now defined as that 
»arr of the upper atmosphere which 
ontains ions and electrons in quanti¬ 
les sufficient to affect the propaga¬ 
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tion of radio waves through it. ft 
usually extends from SO km to SOO km 
above the earth's surface. When a 
radio wave below a certain frequency 
<30 MHz) is incident on the ionos* 
phere. ii is reflected back to the earth 
andean be received by radio recei¬ 
vers. Without this layer, the wave 
travelling in a straight line cannot 
return to the earth and. consequent¬ 
ly. reception is not possible. It 
is the ionosphere that is solely res¬ 
ponsible for short wave global com¬ 
munication. From the communi¬ 
cation viewpoint, a thorough know¬ 


ledge of (he ionosphere is essential i 
predict (he frequencies suitable f< 
regular and reliable long distant 
shortwave radio communication. 

Origin of the ionoaphere 

The ionosphere owes its origi 
mainly to the sun, more specificall; 
to the ultraviolet rays it radiate 

Id the ionospheric region, whei 
air is thin, different gases exist i 
atomic slate. When uliravioli 
rays from the sun hii atoms, elei 
trons are displaced olf their orbii 
(o produce positive ions. j.e.. pos 


hri Oanaupadhyty n scwniisi ai Dcfcace looosphenc Rawareh Siaiion. Oauhaii 
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ively chirg«c1 atoms, and el«ciron^. 
*he electrons being more fighter and 
nobile may combine with other 
Dns or ailach themKclve^ to other 
leut rul atoms or mns. As the energy 
ifukraviolet rays reduces while com* 
r'p down to the earth und the nuni 
«rof atoms decreases with altitude. 

certain part of the atmosphere is 
tore prone to the production of mu «!• 
turn ions and electrons creating 
be ionospheric layers {f-ig. I). 
besides ultraviolet rays, corpuscular 
adiations and X-rays from the sun. 
teteoric showers and thunderstorms 
re also responsible for ionisation in 
he ionosphere. The ionosphere is. 
herefore, an admixture of neutral 
ases. ions and electrons and as a 
/hole is electrically neutral. This 
late of matter is known as the fourth 
late of matter or 'plasma' state, 
iere the classical gas laws arc not 
alid and a diflerent law is followed. 
Ik state is similar to that found 
iside t household lubelight. 

% 

IxpcriiDMtaJ teebaidUM 

Is I92S, to study the ionosphere 
KBreitandM.A.Tuveoflhe United 
tates designed an equipment called 
lonoapberk Sounder* or lonosortde. 


In this equipment radio wuves arc 
sent vertically upwards. The Ionov* 
phcrc rcfleets them «is echoes uhich 
arc icscivcd h\ ihctHiiiipmcnl aiiddis* 
played l»M in«.i>»ircmcni. The 
equipment 4l*n•.^c^ hiisicaJr) cf a 
Irunsinnici uid a receiver. The 
transmit icr jivneiaio a conimiious 
wave of ficqucneics. from I Mllr 
to 20 Mil.', pulsed at a regul.ir inler* 
val (say. pulses per second). 
They are radiated vertically upwards 
hy n directive antenna. The reflec¬ 
ted wave is collected by a suitable 
amennn and passed over to the recei¬ 
ver. The receiver further passes 
over the wave to the display unit, 
a cathode r«iy oscilloscope, for 
Aludy. 

The modern version of this equip¬ 
ment is completely automatic and 
has many advantages. A block dia¬ 
gram of a modern ionosonde is 
given in Fig. 2. The display of the 
signals received is photographed and 
is known as lonogram (Fig. 3). 
Later, ionograms are studied and 
scaled to obtain necessary dau. The 
data collected by this method is the 
principal source of knowledge about 
the ionosphere. 

Molt of the pftseai day labo- 
4U 


rnioric.s in Indui make use o 
ionovondc to viudy ionospher< 
Rnckcis :*rt ulso used. Moreove 
With the inveiuiunof uMcIlilc. u nc 
method of exploring the ionosphet 
from abitve, known ;is topside sour 
cliiTg. K being us(*d. Much valuabl 
infornuMion regarding lUcionosphei 
hiiv been «'oMcctcd which olherwii 
mi|»h1 not ln'vc been possible. Tt 
liidion vaiclliie Ar}vhhaiia will als 
help in the shidy of lonoRphere. T> 
study of ionosphere can also be dor 
by according the radio emissions Iht 
reach us via the ionosphere from ili 
sun and other stars. 

I.ayera and parameters of lonosphn 

According to the present day n 
search, the ionosphere is main I 
divided into three layers: D. £ an 
F byers. Usually D Tnver exisi 
between 50 km to 90 km abvwe th 
earth. E. Lnycr at 100 Lm to I? 
km. arul F layer at 130 km tn 45 
km. The ioxiosplicrc docs not en 
there. It extends many thousan 
kilometers beyond the F layer in 
modt rarified space. The ionosphet 
b rather a continuum in which th 
above layers rtpttsem banks of tor 
isation without prominent minim 
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imon^ ihem. The F layer is divi¬ 
ded into Fx and Fa layers* Some¬ 
times during solar eclipses F^ layer 

is also detected. During night Fj 
:oafesees with Ft and D layer vani¬ 
shes, leaving only E and F layers 
[Fig. 4). Inside the E layer, there is 
I random variation of ionisation. 
Fhis is called sporadic E layer or Es 
ayer. The exaci mechanism of the 
origin of Es layer is still incompre* 
lensive. It may be due to (i) redis- 
ribut ion of electrons already present, 
ii) meteoric shower, or (iii) thun- 
Icrstorms. Because of the random 
lature of this layer, reliable com¬ 
munication is not possible through 
I. However, communication at 
requencies much higher than 30 
Vi Hz is possible via this layer. 

The electron density is highest in 
he F layer and it is of the order of 
i millionelcctrons percc. Under nor- 
nal condition D layer has the lowest 
lectron density. The refractive index 
if ionosphere, the frequency of wave, 
nd the electron density are related 
ly the equanoD: 



^here N is the electron density of 
he layer, rr is the refractive index 
f the layer, / is the frequency 
f the layer. 


MOVI« FlLMC4r,iei»A 

Plf. 2. Koek aitfrui ti • rypMal teoMede 

As (he electron density increases 
from D to Flayer, the refractive index 
decreases correspondingly. So an 
electromagnetic wave moving up¬ 
wards in the ionosphere encounters 
progressively decreasing rafractive 
indices. It is. therefote, gradually 
bent and finally starts moving down¬ 
wards from a point determined by 
(he frequency of the wave and the 
electron density at that point (Fig. 4). 

The important parameters of iono¬ 
sphere are critical frequency, the 
heighiof refiection. skip distance and 
maximum usable frequency. Cri¬ 
tical frequency is the highest fre¬ 
quency which is reflected back by a 
Layer of ionosphere on vertical inci¬ 
dence. At vertical incidence, the 
angle of incidence is taken as zero. 
As the angle of incidence is changed, 
the effect of ionosphere on the wave 
also changes. When the angle of 
incidence is quite high, the condi¬ 



tion for reflection (n*«slp 0 bcir 
angle of incidence ii satisfied onl 
with a little penetration of tl 
wave in the ionosphere (ray ], Fi| 
5). As the angle of incidence is prt 
gressively reduced while the frequent 
kept is constant, the wave returns t 
a place nearer to the transmitter afb 
penetrating deeper into the ionoi 
phere (ray 2,3). On further rtdm 
(ion of the angle of Incidence, Ui 
wave returns to a greater dtstanc 
(ray 4). But on further reductio 
of the angle of incidence, the wav 
will not return at all (ray 5,6). Tt 
minimum distance between the Irani 
iiiitter and the receiver over whic 
reception is possible by ionospher 
reflection for a particular frequenc 
is called 'Skip distance' (Fig. 5 
Conversely, the particular frequenc 
which will make a particular distant 
equal to the skip distaoce is cade 
the maximum usable frequenc 
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^UF). It it th4 bigheu frequency 
rhich ciA be utilised for communi* 
fction between two specific points, 
s practice, a frequency lower (IS 
er cent) than MUFU used And this 
: known as Optimum Working Fre- 
uency. Frequency below it is more 
biorbed, whereas the possibility 
f penetmtion Is more above it. 
requencies lower than 30 Mllz 
re normally returned. Tbe maxi' 
lum distance that can be communi* 
ited in a single hop by E layer is 
000 km and by F layer 4000 km 
Fig- 6). 

Hiospberlc pn^gatioa 

Two special aspects of Ionospheric 
ropagation are described here. It 
; observed that the strength of a 
ignal reflected by the ionosphere 
aries haphazardly. When these 
anations last for a minute or so, 
, is called ‘fading*. Fading takes 
lace when tbe ionospheric reflect* 
ig surface is not smooth, ft is due 
y Che varying conditions prevalent 
here. Moreover, the reflecting sur* 
ice may be regarded as ma^ up 
f many moving surfaces, each con* 
ributiog to the signal at a receiver. 
c the final signal, which is the re- 
ultaol of all the rays arriving by 


diflereot paths {different phases), 
varies in time to cause fading of the 
signal. 

The other aspect ie the ‘ionos¬ 
pheric forward scatter*. Although, 
communication through ionosphere 
is possible upto a frequency of 30 
MHz, however it has been found 
that at limes communicAtjon is 
possible even upto 100 MHz by 
A process known as ionospheric for¬ 
ward scattering. In this mode the 
wave is scattered by the irregularttJcs 
present in E layer, which are caused 
by meteoric trails or turbulence in 
upper atmosphere. But, at 
present, this process cannot be de¬ 
pended upon for regular communica- 
tion due to the randomness of the 
occurrence of scattering. However, 
radio amateurs happen to contact 
each other on frequencies much 
higher than 30 MHz. This son of 
communication is not possible by 
the Donnal process of reflection from 
the ionosphere. This can lake plac« 
only by the procew of forwird 
scatteriog of the wave by the 
iooosphere. 

leaB^herif 

The ionosphere is not a calm re¬ 
gion. Different motions and lur- 


boloMS are always presaot than 
Regukr horizoottl movetaenti ( 
ionot^ric irregularitiei have bee 
obser^ in all the layers. Uka 
averege value U of the order of 10 1 
100 JB per second. The velocity c 
tbe movemeou varies with heigh 
Id the lower layers the irregularitii 
arc caused reottly by wind molioi 
and in F layer they are mostly of el« 
trkal origin. Moreover, there is 
prevailing drift on which other rat 
tions are superimposed, the diret 
tion of motions changes from day t 
night and with seasons. The driftin 
is studied by the radio observatioe 
of drifting meteor treils, and by fati 
ieg method as well using cloicl 
spaced receivers. 

loaoepherk varUtfoae 

As the suo is the main source c 
Ionisation, it is obvious thtt the coe 
dition of tbe ionosphere will (argel 
depend on the sun's position an^ 
activity. In fact, the perameters o 
iooosphere have been found to var 
from hour to hour, from day to day 
from season to season and from yea 
to year, The long term variation o 
the ionosphere is caused by what i 
known as tbe 11 year sunspot cycle 
On close observation, black spots ar 
seen on the surface of the sun whicl 
are known as sunspots. The num 
ber of the spots is a measure of th 
sun's activity. Ionospheric para 
meters vary distinctly with the sola 
activity during the 11 year cycle 
Variations with the lunar tide 
effects have also been noted. Th 
parameters of the ionosphere alsi 
vary with latitudes and longitude 
and with geomagnetic latitudes. A 
the nature of ionosphere as regard 
to absorption, occurrence of sporadi 
E heights of reflections, etc., i 
different at tbe equator and tbe pole: 
it reacts in a different manner to 
wards the same disturbance on th 
sun. 


laieaphsric distvbaaeea 

Two different types of ionospheri 
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abftornut behaviour eto be disUn* 
guished that are aasociated with 
abnormal occurrences on the sun. 
One is known as sudden ionospheric 
disturbance or S.I.D. which starts 
suddenly within two to three niino* 
lea and may continue for hours. 
If the intensity of the disturbance is 
great, it may completely slop all 
shortwave communication for that 
period. This is known as ‘fade 
out\ It is observed only in the 
sunlight hemisphere. Its occur¬ 
rence is attributed to the intense emis- 
lions from the sun during solar flares. 
The fade out is due to the increased 
absorption of the incident emission 
in the D layer, the result of an 
enhanced ionisation in that layer. 

The other abnormal behaviour of 
the ionosphere is called ‘ionospheric 
storm’. It occurs in both the sunlit 



SKIP OISTANCC 
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and dark portions of the earth. It A tew poMlWlity 
ifTecls both D and F layers. The In recent times scientists are ex* 
critical frequency of the F layer is ploring the feasibility of an altoge* 

much lowered and so the frequency ther new mode of communication 
band is narrowed. Ionospheric through ionosphere. In this mode, 
itorm starts slowly and continues a region of the ionosphere will be 

for hours or even days. During heated from a ground based trans* 

this period the intensity of signals mitter. This will apparently in- 
received is greatly reduced. This crease the electron density of that re- 
phenomenon, associated with deep gion to such an extent that frequen- 

ind rapid variations of earth's mag- cies as high as 300 MHz will be 

setic fleld. is called magnetic storm, reflected back to the earth. With 
ft is caused by the corpuscular radia- the help of such communication cor- 
ion the sun emits during solar flares, riders, greater distances can be cov- 



Fig. I. One hop rifcrtloM tnm £ wti F hjm 


ertd with much higher frequenci 
than those in use at present. 
PredIctloBs for radio comauDicallc 

As aforementioned, an exact knoN 
ledge of the ionosphere is essentl 
to predict accurately the frequencji 
required for clear and reliable lor 
distance radio communication. Fn 
dictions of various nature are regt 
larly made by different laboratorit 
throughout the world. Point-to-poii 
prediction and area prediction ai 
generally made three months 1 
advance to help the users. Reguls 
prediction series are published b 
the Department of Interior, Coir 
monwealth of Australia and Depan 
meot of Commerce, U.S.A. I 
India, regular prediction charts fo 
point-to-point communication ar 
published by the Research and Deve 
lopmeot Organisation, Ministry c 
Defence, for the use of the Services 
Every radio listener most have noti 
ced that the radio stations alter thei 
broadcasting shortwave frequence 
with seuoos and even with hours o 
the day. This is mainly done u 
cope with the ever<hangjQg condl 
tioAi of the ionosphere. 

The ionosphere is yet to revea 
{Continued cn page 509 
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M ost or our foodi are either parts of the world. TIm method mycelea (by a German mycologii 
plant products or secondarily hu improved signibcantly wHh the Aotoa de BaryX which showed ihi 
ierived from plaoti, Our life would development of the fmoa tcchiHques Che Duhinuckated plasmodia ar 
»e belter and richer If we had plants in animal ceHs. In I960, a re* formed through the fusion of singl 
uiced to our requirements. For this search team consotisf of S. SorieuI, cells. The plasmodlum is a veg< 
easoD» scientists have been cons- and F. Coroelefl oader Che goidanec tativc body of the slime mould. 1 
sntJy trying new methods to produce of Georges Barski of Paris, France, Is a coenocyiic mass of highi 
»lanls with characteristics beneficial made the importaot dbcovery that granular protoplasm contain in 
o man. Selective cross pollination, cells from two moose tomour lines numerous nuclei and vacjoks bt 
;raftmg techniques and also large can be fused into ooe cril Aa delimited only by a thin membram 
cale artificial culture of desirable important achieveiMit in the rosiou Another imporuni observation rei 
>l4nt tissues have been tried with technique was made by Henry Harris ponsibk for this outstanding dli 
arying degrees of success. But and J.F. Waikias of the Uaiveraity covery is the ‘parasexual cycle' i 
hey have been restricted to plants of Oxford in l9bS who cacd uhra- fungi. The 'parasesual cycle* is 
leneticaily closely related. When violet-inactivated Sendai virus to term applied to the fusion of gent 
hey are tried with distant!) related increase the fuaioa frequency. The lically dissiinilar nuclei, and rc 
pecies the crossing is either not Sendai virus, bekw^ing to ■ me mber combination and segregation of tb 
uccessful, i.e., the plants are incom- of the para-Infloeaza group, b a diploid nuclei so filmed withoi 
latibk or the hybrid is sterile. This spherical RNA-coolaioiiig virus, any proper meiosis. This whol 
I a major limitation of tbe common It is surrounded by a bpo-protein proce ss occurs in the hypbae. Tb 
ilant breeding methods developed envelope. It was previously known first essential step in parasexui 

o far. as haamag^uriaating virw* of Japan, cyck b beterokaryosis, i.e., tb 

To overcome tbe problem of in- l.e., in ibort HVJ. Tbb method was association of genetically differet 
ompatibiilty -of plants tbe idea of then api^kd to other edb such as nuclei in the same protoj^l wbk 
oniCic hybridisation is being deve- man-mouse, nsan-rabbit, aan-clu- b brought about by the fusion < 
oped. Getting impetus fbom the cken, rabbit and rateeUs, etc. Thb somatic ceUs. In thb method, agaii 
tudiet on animal cdb, tbe work on scientific breakthroagh of Harris the fused diploid nuclei arc not i 
omatic hybridisation in plants is and Watkioa had rta origm m the stable as diploid nuclei in the usuj 
loing on with rapid pace in various study of tbe life cycle of MyvK organbm adikh develops Ihroug 

M Key works at Chromowme Risra/rh Ccatic, Dip S «f Bulaay, d Chledta. Cakutia-IQOOIS 
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,ormal sexual reprcxiuction. In the 
ara^exua) organisin the chromoso- 
les may be lost, and once one chro* 
losome is lost others follow rapidly 
mil only one genome is left. The 
uestton then arises as lo ihe sign!- 


^opbst froto kaf ■inflpByU teoe of Ihe 


ficance of this method. U causes a 
random combjnation of the chromo¬ 
somes or segmenii! interchanges 
between (he chromosomes of the 
two parental lines. So (he objec* 
tive of this method h similar to the 

4M 


BorTTiai sexual cycle and the or 
advantage is that the saa 
output has come easily withoi 
going through the time-coosutniii 
processes like meiosis fertilisatioi 
etc. In ]967» Mary Weiss workin 
on collagen synthesis in Ho war 
Green's laboratory of New Yor 
University along with H. Oree 
first isolated the viable human roous 
hybrids. They also first noted th 
gradual loss of hurnan cbromosomi 
in man-mouse hybrid cells. Tb 
location of certain loci for specif! 
functions on a particular chrome 
some was noted by observing the loi 
of certain chromosomes and certai 
biochemically characterised Turn 
tions. If the loss of chromosome 
in the hybrid cells could be prever 
ted and the viability followed by th 
regeneration of the hybrid cells to 
whole organism could be restorec 
it would be a great step ahead i 
genetic engineering today. Th 
work on somatic hybridisation i 
plant is still lagging far behind i: 
comparison with that of the mamma 
lian systems. The great potential c 
plant cell somatic hybridisation stu 
dies lies in the inherent totipotenc 
of plant cells. The totipotency is. 
unique characteristic of the plan 
ceils by which each and every cell c 
the plant, whether it is from the leal 
root, stem, anther or egg cells, cai 
be regenerated to a whole plant ii 
culture. This characteristic of th 
plant cell has a great advantage ove 
(he animal cell where it does nc 
occur. In India, the research in tbl 
field has already been initiated b 
I.A.R.Im New Delhi, Jawaharii 
Nehru University and in our labors 
tory at Calcutta. The Indian legv 
ines of agricultural importance sat 
as Vigna si/mnsis, Pisum satt'ywr 
ykia» fdba, etc., have already bee 
utilised for protoplast regeneratioc 
Although whole plant cannot as y< 
be regeoerated from individual pro 
toplasts of any leguminous plant 
but the embryoid'lilce structures ca 
be readily produced Theexperimen 
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D sofflttic hybndisstion of Ufutnos 
'iih noD*kgumes has aJso beta star- 
id to introduce some of the genetic 
iformation of the iegucnes to non- 
igumes, useful for the nitrogen* 
lation with microbes like 
hizobium. 

The essential step in the somatic 
lybridisation is l^rstly the isolation 
T protoplast from a plant cell which 
! actually a cell without any cell 
vail. This naked plant cell resembles 
nimal cell. The next step would 
« the regeneration of the protoplast 
0 a whole plant. 

The isolation of protoplast through 
nechanictl methods is known for 
learly a century. But this method 
I obsolete now as it causes much 
la mage to the protoplast which re- 
ards its viability. However, only in 
he last decide there has been mar- 
ced improvement in the isolation of 
>roioplast through the combination 
different types of eneymes by 
^rof. E.C Cocking of the Univereity 
)r Nottingham, England. Inciden- 
ally, he is the first man to isolate 
he protoplast from plants success* 
rully. There are several important 
steps in the isolation of plant pro¬ 
toplast. 

The isolation of protoplast is gene¬ 
rally carried out from the leaf meso- 
phyll tissue, callus tissue, suspension 
xils in culture, etc. The most com¬ 
monly used enzymes in the isolation 
procedure is Onozuka R-10 cellu* 
ase and a pectinase like macerozyise. 
These enzymes are obtained from 
fungi. Along with the enzyme mix¬ 
tures, certain osmolyticumis used to 
save the protoplast from any damage 
cauMd by the enzymes. The osmo- 
lyticum is the agent employed 
for plasmolysing the cells. A 
large number of osmolatica are gene¬ 
rally used such as sugar, sodium 
chloride, potassium chloride, dex¬ 
trin, mannitol, sorbitol, etc. After 
removing the epidermis from Che leaf 
mateiial, the mesophyll tiuuee are 
illowed to Incubate io the sterilised 
mzyme mixture at 2TC for 10-24 


houn which varies from material 
to material. They are then centri¬ 
fuged to remove the debris. All 
these steps are to be carried out in 
sterile conditions. Protoplasts of 
certain densities are then allowed to 
grow in a medium to form a mass 
of tissue for 3-4 weeks. These tis¬ 
sues are transferred first to kinetin 
rich growth medium, i.e., a medium 
containing high concentrations of a 
growth hormone kinetin and then to 
a medium containing high concen¬ 
trations of indole-acetic acid (I A A), 
but kinetin under uncontrolled 
light conditions. These isolated pro¬ 
toplasts art regenerated into a wh^ 
plant (Fig. I). The whole plant re¬ 


generation has been made from thi 
isolated protoplasts of tobacco, car 
rot, petunia, etc. 

Fusion studies 

In case of fusion studies in plan 
cells. Inactivated Sendai virus is no 
needed. But some of the inorganii 
salts such as calcium chloride, so 
dium nitrate, etc., or some polymer 
like polyethylene glycol, dextrao 
sucrose, etc., were used. Both intr 
and interspeciea fusion is possible 
Fusion and mixing of cytoplasm 
does not usually result In nuclei 
fusion until the division sUrts in th 
nuclei. An important feature i 
that they can regenerate a cell wa 
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/ ikmk /M €tmU kytridiae ihf palm 
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hr diortage of betti Uofts 
I the taJh<aatmetii'* 

vilhio ■ day or two aAer fusion 
M that a beterokaryotic cHl ts tot- 
■cd iDowry case. Ii cootaias feoe- 
LicalJy diffemt oucki within a single 
ceU. We «e that fusion of the pro¬ 
toplasts followed by ceU wall re|ener> 
ation and mckv division affords the 
opportunity for hybrid cell foma- 
lion just as rn festilisatjon in which 
two gameics fwe to form a zygote, 
the Bcaoal hybrid. (Fig. 2). 

So, the major objective of plant 
cell socnalic hybrklisaCion u to over* 
xMDe ba/rien to sexual reproductioo, 
9y dimioitiag the need for sexual 
rcftiJisitioo to bring together into 
MW individual the genomes of dlffe* 
uBl species. Thor is ofUn found 
Iocs of chrmBosomes of one 
MJtal after fuskm. TUi direAlonaJ 
OSS of dtrenoKHscs in such hybrids 
nay found to be uaefol in ptant so- 
aatk ceD ynct i cs . thou^ a general 
OSS of dtfomosoiDes in such alio- 
tofypkfids b not lUECfy to ocev. 
iBofmlyploid b a type of polyploid 
a adiich the chromoaome coa p k* 
Knts op a get are 

tot alike. It ocean Aro^ hyfarv 
Ibation fitMB diffbunt epean. la 

CKKSi 


ptants, several allopolyploids are 
known to occur in nature as a result 
of rare sexual crossiogs and they are 
■table. 

Frimuia kewensii (2n«$6) is one 
such naturally induced amphidi- 
ploid. Amphidipioid is a type of 
allopolyploid where the somatic 
doubling in the F, sterile hybrid may 
result in the regular fonnati<m of gam¬ 
etes contalniog one complement of 
each of the parental types. A cross 
between P. fiorihuAda <2n»)6) and 
F. wtic^lata (2n«l8) formed the 
steiik di^oid F. keweniis (2a»18) 
with one genome from each parent. 
From a lateral bud on this plant 
there arose spontaneously a lelra- 
ploid shoot with two genomes from 
each parent having 2o««26 chromos¬ 
omes and thus making the plani 
fertile. So the improvement of 
plants through somatic hybridisation 
b feasible, though the adequate 
selection procedure for the successful 
culture of the hybrids is. needed, 
fa other words, most widely appli¬ 
cable selective procedures must be 
developed before this method may be 
generalized. A noteworthy step in 
this direction was taken by an Ame¬ 
rican scienlist F.S. Carlson at the 
Brookhaven National Laboratory, 
New York in 1972. He was able 
to select hybrids between the two 
closely related species of tobacco 
{Hieoikusa glouca X U. iQtsgfdorfii) 
through protoplast culture and their 
fusion. This is the only known 
successful interspecific somatic hy¬ 
brid so far. Several fusion studies 
were made, both inira and intenpe- 
dlk, in a number of plants such as 
BfCMicQ. Anna xarira, Haplopap- 
pui graeitis. soybean, carrot, petu¬ 
nia, legumes, etc. 

The symbiotic association between 

tegumes and rhUobium bacteria has 
been maintained and studied in the 
laboratory conditions. If it is succe¬ 
ssful, it may create some new syra- 
btoric systems which are not found 
m oature. There is some report of 
devetopiog a symbiotic relation¬ 

ten 


ship between Aiotabacief ylaela 
da, a nitrogen-fixing bacteria, an 
cells of carrot in a hi vitro systeo 
The composite cells are able to gro 
in a medium lacking nitrogei 
Though it is still in a developin 
suge, this method may be tried i 
near future to other crop speett 
allowing many plants to utilis 
atmospheric nitrogen, ft may solv 
our fertiliser problem. 

The somatic hybridisation throug 
protoplast culture may be able t 
form some new interspecific hybrid 
from the various sexually meon 
paiible plants which was impos 
sible so far. This may introduo 
some new blocks of genes to ih 
hybrid which is more beneficia 
to us. The technique is also valua 
ble in introducing the possibility o 
parasexuak cycle which has been ex 
plained earlier in higher plants. Th 
development of such a cycle in highe 
plants will help in performing gene 
tic analysis of plants in vitro, a 
the nuclear fusion between the tw< 
plants, recombination and segrega 
lion lake place through the uncos 
ventional methods. Normally, I 
requires sexual union and formatior 
of a zygote which is a time-consum* 
ing as well as long drawn process. 
Even at the cellular level, the for¬ 
mation of beterokaryons has been 
found to be an important means 
for the demonstration of genetic 
complementation in higher plants 
as demonstrated by different wor¬ 
kers of America and England. In 
1973, Y. Yamada and M. Nakami- 
nami of Japan observed a tendency 
of increase in alkaloid production 
through the isolation and fusion of 
protoplasts from alkaloid-producing 
plant cells cultured in vitro. It can 
be seen that the improvement in the 
method of somatic hybridisation of 
plants will ultimately help in modi¬ 
fying plant cells or whole plants in 
various ways which will be highly 
beneficial to ut in future. 

(Continyed on past JOT) 
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Todty, t pulsating star is 
a powerful tool to measure 
astronomical distances 


U^EPHEID sludy is one tool 
whereby we cao by ihe 
strength of our own thought, ucend 
through universe after universe." 
(vrote Edna £. Kraroer. a prominent 
nathematician in the book The 
Mainstream of Mathematics. Indeed, 
oday the pulutiog stars, of which 
"epheid is one group, is a power* 
Pul tool to measure astronomical 
jistances. In whichever systems they 
ire found, globular clusters or spiral 
lebulae, the distances of those 
ystems from the earth can be easily 
lelermined. Besides, the study of the 
tars is no less interesting. It enables 
IS to comprehend Ihe stellar evolu- 
ion and its mysterious pulsation-- 
lOth of which, in turn, helps to 
ndersund better the internal itruc* 
ure of stars. 

Before anything is said about these 
tars, their exact distinction from 


other similar ones, classified as van* 
ables. is of paramount importance. 
By a variable star, it is understood 
that the star fluctuates in brightness. 
There are four modes by which it 
can do so. Fir^t, it may not be a 
single star: there may be (wo or more 
stars which rotate to eclipse each 
other (in our line of sight) to produce 
periodic fluctuations in the emitted 
light. They are called eclipsing 
varial^es. Secondly, it has hotter 
or colder regions on the surface 
whose rotations, like faculae or sun¬ 
spots on (he sun. create changes in 
the ioteosity of light, e.g. pulsar. 
Thirdly, it explodes time and again, 
when it is called an eruptive variable. 
Lastly, it may contract and expand 
alternatively to brighten and dim so 
as to pulsate in light. This last 
variety, in which there are changes 
in (he luminosity of a star because 


of some internal reactions, is calle 
pulsating star. 

In 1596, long before the advent < 
telescopic studies of the heavei 
David Fabric!us discovered the fin 
pulsating star though he did nc 
know then (he true nature of h 
discovery. He detected a star i 
constellation Ceius which was nc 
present in the contemporary chai 
of the heaven. Though he notifie 
its existence in the chart, it was nc 
until forty years later that the sam 
star was recognised as a pulsatin 
star. Mta Cephei was the nex 
pulsating star ^at was discovere 
in I7g4. With the passage of timi 
more pulsating stars were dh 
covered. Classical Cepheids, a grou 
of stars of long pulsation-periods 
thou^ relatively few in number bu 
easily detectable by a naked ey 
because of their brilliance, wer 
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discovered in the beginning. As 
sophistication in photographic and 
3hoto-electric techniques increased, 
Cepheids, much faint stars of short 
>ut$atioa periods but present in 
ibmidance in the universe, were 

llscovered at an ever-increasing 
atc- 

Evcn today (he number of pufsat* 
ag s'ars i on the rise. There are. 
I has been observed, differences in 
haruteri^tics amongst them also. 
<o>viNfr, one point to be appreciated 


about these stars is that their dis¬ 
coveries had not been merely addi¬ 
tional entries to an already existing 
long list of stars. Their discoveries 
had. in fact, revolutionised our 
ideas about galaxies and the universe. 
Every newly discovered pulsating star 
provides us a new opportunity to 
fathom the depth and nature of the 
universe. 

Palutloa a»d claaaiAeatlea 
The waxing and waningofapuUat- 

471 


lag star if apparent from its ligb 
curve, the graph between its magniti 
de and the time [(Fig. 1 (a)]. T! 
magnitude is nothing but i mtasun 
ment of the brightness of a ita 
If a star is orte magnitude more lum 
nous than another star, it it usual! 
2.512 times brighter than the othe 
Moreover, the smaller the roagnitud 
of a star, the brighter it is. In oUm 
words, the scale of magnitude rui 
opposite to the ordinary scale. Fc 
instance, a zero magnitude star . 
brighter than a one magnitude stat 
a minus one magnitude star is brigl 
ter than a mro magnitude star, an 
so on. in the light-curves, the mat 
nitude of the pulsating stars undei 
goes a maxima and a minima, whic 
repeats regularly. In some cast 
the extremums are also constan 

Judging the state of activity c 
these stars from the light-curves, i 
is exactly like that of a s win gin 
pendulum. This analogy, howevei 
evokes one obvious question. As > 
pendulum needs a driving force h 
maintain its swinging, what is tha 
force in a pulsating star? 

That force, which must be mecha 
nicil in nature and which must b 
continuously feeding energy to (h< 
star to sustain pulsation, is only to< 
timely and therefore must be ai 
outcome of a complex activity presen 
inside the star. Its details are dis 
cussed in (he next section. However 
at this juncture, the light-curve o 
Epsiloff Cephei [Fig.l (b) ] need 
close scrutiny. The question tha 
draws attention forthwith is: why i 
it BO? For ansu'er, it is better t< 
consider an analogical situation. 

Every one is acquainted with thi 
modes of air vibration in a closet 
organ pipe. It will be recalled tha 
the inodes rely on where the driving 
force is applied, and how much. Tht 
fundamental mode is achieved t 
air is blown in gently at the moutl 
of the pipe. The harmonics or over 
tones 3a. Sn, 7 b,... etc., are created 
if air is blown in stroogly. Sc 
nodes, where the strength of force it 
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iighesi and (he amplitude of dis- 
ilacemeni zero, and antinodes. where 
he mafftitude of force is zero and 
amplitude of displacemenl the high- 
«(» are produced because stationary 
vaves are formed inside the organ 
)ipe. A similar kind of waves can 
K conceived of as forming inside a 
tulsaling star. The centre of the 
tar, where a small sphere of gas 
I confined, has conditions similar 
0 the closed end of the pipe, whereas 
he surface of the star which is open 
o space serves as the open mouth 
'f the pipe Hence, a star vibrates 
tT pulsates in the fuadamenlal or 
larmonics note according to where 
orce is applied and how much. 
)f//j or Beta Cephei (Fig. I (a)). 
or example, are those stars which 
lulsate in the fundamental or harm- 
mics. On the other hand. Epsikm 
7cp^*[Fig. 1(b) ), whose light curve 
I irregular, has pulsation which h 

superposition of two or more 
armonics. 

From what has transpired above. 

: is easy to convince oneself why 
>ere are pulsating stars with varied 


pulsation-periods. Moreover, the 
behaviour of these stars is similar 
to that of a number of balloons that 
are being in Bated-ddlated alternati¬ 
vely. The puliatioo period of 
these ballooos would be ddTereni. 
It depends for one thing on the siae 
of a balloon and. secondly, on its 
deflation-inflation mechanism. For 
a pulsating star, the pubation-period 
varies in accordance with the star's 
range of magniludc-Buclottion (how 
much it can expand and contract) 
and physical propertie s (the driving 
mechanism). In the light of these 
factors, a pulsating star is dassiM 
according to the pulsating period, 
range of magnilude-fluctuaiion and 
physical proparlies. c.g.. mass, age 
and temperature. However, it still 
remained to be seen what thatinfla* 
tion-deflation mechanism is which 
drives a star to puhale. 

Pitsaliaa theory 

Thai a pulsating star actoaify 
contracts and espaikls was first 
visualised by R.W. Ritter in JB79 
Sir A.S. Fddififton. the eminent astro- 
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uoioeraiMl|Ailosophcr. later in 191^ 
pinced this idea on a concrei 
fooring. His contribution is su( 
suntial taking into consieJemtion tli 
meagre data then availaMe about tti 
inside of a pulsatingviar. Alihoug 
his work was incomplete, it doub 
lessly paved the way for the comm 
genctaliofl of i!»tronomcrs/asirG 
physicists to take up the subjei 
wriously. Today, with ennrmou 
data of varied stars available, ih 
aslronnmen; have modified and ar 
still modifying Fddington's theory ii 
greater detail. 

A star, tike our sun, is a ball o 
hoi gases. The gaseous pressure 
inside expand it increasing (h 
radius, while decreasing the tempera 
lure to become dim (britliance o 
fourth power of temperature). Be 
cause of inenia, ihe star goes oi 
expanding, to overshoot its equili 
bnum stale (when it is not pulsating 
until Ihe inside pres.suie equals lha 
of the outer space. Thereafter, Ih* 
star starts contracting because o 
gravity --decreasing the radius whil* 
increasing the temperature, tobeconv 
bright. Because of inertia, agaii 
the star over-contracts itscquilibriun 
size to become very bright, and thei 
the same cycle sets in-expansiur 
(dim) and contraction (bright) alter 
natively. During the pulsation thi 
gas attains a velocity of ab<iul 3( 



' ypn me dr.t/ined to fit* a star, yo 
arr puUatmp fast " 
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;m/a6c. There is a difference of 
ibout A ihousind degrees of temp* 
:rature between the two extremes. 

A stAr» or for thal metier a pendu- 
urn, oscillates only if some forces 
irsi spur it lo do so, and, secondly, 
hese forces are mAintAirved, i.e., 
ome energy is continuously fed in, 
vithoul which the oissipAtive forces 
ind friction stops the pulsation, 
huch A phenomenon is required of 
he model for a pulsating star: that 
vhen the star is hot and compressed, 
t should absorb excess heat; when 
:old and expanded it should release 
txcess heat. That is to say. a heat 
engine is required which can convert 
i fraction of its abundant radiant 
leal into motion 

What is the form of a heat engine? 



Whenever Ae discevtfs a puhafing 
W—hfspuist bfonfaster" 


Eddington took it as a 'valve* near 
the surface of the pulsating star. 
It functions in such a manner that 
when hotter and compressed it 
is closed to trap excess beat; when 
cold and eapanded, it is open to 
release excess heat. But what does 
really create a valve mechanism? 
The answer is partially ionised zones. 
They are the zones where the atoms 
of a specihe element are present in 
two states: the atoms in one state 
are stripped of one or more electron 
than the atoms in the other. When 
a partially ionised zone contracts or 
gets compressed it liberates energy 
which is mostly dissipated in ionis¬ 
ing the rest of the un-ionised gas, 
while a fraction of it heats the gas. 
The overall effect is that the gas 
cools down and therefore absorbs 
the excess heat, as it should in the 
compression of the valve or heat 
engine. The absorption of the excess 
heat raises pressure within the zone 
to create a lifl*. which further builds 
up and is maintained to sustain 
pulsation. 

With an effective surface tempera* 
ture ? 00 (rc. a star, it has been 
analysed, is capable of producing the 
required ionization zones. These 
zones are situated in the star such 
tha* they are quite near the surface to 
produce large pulsation-amplitude. 
On (he other hand, they are situated 


S UH is a star that twinkles. !i 
twinkles, but according to 
coioic standards. The fluctuadoni 
in iti brightoeas can be detected ovei 
a period of several centuries and not 
over seconds as in case of stars that 
fill our night ikies. 

John Eddy of National Center for 
Atfflospherk Research, Colorado 
U.S.A., (Scfmre, March 10, 1976) 
has put forth some convitKing argu* 
manta to this effect in the talk he 
delivered in a recent meet on the sun. 
He is. of course, not the first to claim 
so. In the nineteenth century, two 
scientists, GusUv ^rerofOennany 
and E.V, Maunder of Britain, arrived 
at the same conclusion, which was 
then not taken notice of. 

The conclusion is based on the 
study of sunspots' cycle, auroral 
phenomena, coronal streamers, car- 
bondating of tree rings and earth's 
past cKmaiic changes. They are all 
directly or indirectly affected by the 
activity of the sun. A scan through 
(he old records, mostly of the past 
millennium, has revealed the sun to 
be brightest or hottest during 1645- 
1715 and 1100-1250 and dimmest or 
coldest during 1460-1550. Although 
observational evidences, e.g., sun¬ 
spots, coronal streamers, can be 
doubted as precision insiruments 
were not available then, there can be 
no place for a doubt for the chemi¬ 
cal evidences based on carbon¬ 
dating of rocks and tree rings. They 
indicate variability of the sun equally 
well. As a result even the constancy 
of the solar constant, the sun's out- 
putof energy, is now doubted. How¬ 
ever, still much is left to be known, 
for we have not yet studied the sun 
for a considerable time to conclude 
that it is really a variable star. If in 
time this Is proved true, it will have 
far-reaclung consequences on the 
present models of sun's interior and 
atmosphere. D.M.S. 
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deep enough in the lUr lo posseft 
tuf^ient density (maM) and momen¬ 
tum to drive txtd maintain pululion. 
Further, a star pulsates in harmonic 
mode if the zones are relatively 
close to the surface. It pulsates 
in the fundamental if the zones arc 
relatively deep inside. 

The next question that arises is: 
of what elements ionisation zones 
are made of? tn Eddington's time 
nothing much was known about the 
chemical composition of stars, so 
he didn’t provide the answer. The 
answer came as research progressed 
in this field. It was theoretically 
shown that the second ionisation 
zone of helium (where helium has 
lost two electrons) is capable of 
causing a star to pulsate. This 
result was arrived at by the study of 
CepArid stars. Moreover, theoretical 
studies by R .F. Christy of California 
Institute of Technology on R.R. 
Lyrae led him to conclude that they 
contain helium in abundance, about 
30 per cent by weight. Further, he 
arrived at tlje following estimates for 
the formation of various zones in> 
side a star: hydrogen ionisation zone 
ji created at a temperature of about 
lO,00(fK; first ionisation zone of 
helium (He stripped of one elec- 


4 

Iron) at l2,00(fK and second ionisa¬ 
tion zone of helium at dO.OCKfK. 
So, no sooner than these zones are 
created inside a star than it starts 
pulsating. 

The factors which decide whether 
a star would pulsate or not have been 
studied. The star may be so hot 
that hydrogen-helium ionisation 
zones lie dose to its surface where 
the density or mass is too low to 
drive pulsation. Or. the sur may 
be so cold that the zones lie deep 
inside the star where the density or 
mass is loo high to initiate pulsation. 
The stability of the sun. which is 
also considered a cold star, is be¬ 
cause its energy does not entirely 
fiow by radiation but due to convec¬ 
tion also. The convection, a pheno- 
menon still incomprehensible to 
astrophyskisis. does not allow the 
vdve to function. Or, lastly, the 
star has no helium ionisation zone. 
The remaining one hydrogen zone 
is too close to (be surface to initiate 
And maintain pulsation. 

However, there is yet another 
aspect of these stan that at one 
sta^ was thou^t to have disproved 
Eddington*! puUatk>n theory. 

Like every othet star in the 
universe, the pulsating stars too 


exhibit certain spectral lines, fn 
this case, the lines oscillate rhythmi¬ 
cally because the surface of the star 
expand and contracts (Doppler 
effect). Moreover, it was believed 
that the star surface stops expanding 
or contracts when their sizes are at 
maximum or minimum respectively. 
However, in the wake of spectral 
studies of the star's surface move¬ 
ment. it has been found not to be 
so. The velocity of the star surface 
while expanding or contracting is the 
highest when the star f$ of maximum 
or minimum size respectively. In 
other words, the pulsation at the 
star surfaces is not keeping up with 
the pulsation at the core. This was 
the l^ffling point which the pulsation 
theory could not throw light on. 
M. Schwarzchild of Harvard Collepe 
Observatory, U.S.A,. elucidated it 
in I9^T He claimed that the pulsa¬ 
tion theory works out well inside the 
star but not in the outermost layer, 
where his theory conies into effect. 
To have an idea of its salient features, 
consider a balloon in a tuh of 
water. If. somehow, it Is mndc lo 
contract and expand inside the water, 
it will produce waves or rjpplc.> 
that will rise to the surface When 
a wave reaches (he surface, there is 
a maximum pressure. In a similar 
manner, a star becomes bright when 
such a was^c reaches Its surface, and, 
of course, it has then the maximum 
velocity al the xurf.jce a* required. 
This solves (he dilemma, itid the Idea 
very much fils in with the pulsation 
theory'. 

Stellar evolution and Its measurement 
A human being grows in a set 
pattern—childhood, youth and old 
age. there is no esratw from that. 
However, some human beings be¬ 
come preeminent as artists or writers 
Of politicians. The rest lead a 
stereotyped life. The deciding fac¬ 
tors which make ;i man renowned 
are hard work and application ol 
intelligence (and also perhaps ll« 
inexpJkiWe factor ‘luck^). foi 
instance, if everyman's inklligynct 
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I Ad labour ar« labulated, a«td 

f a graph is piutled between Ihe 
wo variables for the entire mankind, 
I does not appear difTereni from the 
)tK shown in Fig. 2. Nincty'iiine 
ler cent of the ptopk are daasibed 
n the *crowd' category or the main 
equence as shown. Those few who 
tave gained prominence, whether by 
loloricty or virtuousity, are out of 
he 'crowd* forming separate groups. 

Hertzspring-Ru&sell (HR.) dia- 
pam (Fig. 2) is a similar kind of 
;hart for stars. In tt, a star has 
)een plotted according to its lumi- 
lousrty and surlhce temperature 
Host stars, tike human beings, lie 
D the main sequence. But a few 


►rm separate groups, e g., novas. 
hJte dwarfs, variablev 

id giants, etc. The pulsating sUrs 
re therefore a special type of sUrs 
^ have a specially assigned regioo 
iihe H R. diagram. 

II his also been observed that some 
Ilk known human beings have 


become famous overnight and have 
also faded soon into oWivion. They 
art called to have bad a 'tneteork 
fame*. Such is the case of pulsating 
stars also. They are acSuJIy 'ordi* 
nary’stars in the majoscqueoce whkb 
suddenly acquire some (ereperature 
cofsditions (in case of buioao beings 
—hard work) ins^ them to start the 
pulsation. As sooo as those coadi- 
tioos cease to exist the sUr returns to 
tbe main sequence to follow a 'nonnal 
life*. The duration of acquiring 
'meteoric fame* for an ordinary star 
is small compared to its own life-time. 
Say, for a star of 100 year's life- 
period, it pubates for a time not 
more than what a earnera takes to 
snap a shot. Recently, a star, // 
CtpfttriJ R U CdSTarkpordafif. was 
noticed to have stopped pnisalmg 
Now. however, h is oader the strict 
surveillance of islrDWoroera. Tliis 
b the case of a star vhkb has achieved 
'meteoric fame' twice wHkia a very 
shod period of its hie. 


Coming back to human beings, i 
has been observed that by and larg 
with age at) become less hard workinj 
and, say, less intelligent, because 
aAerall, a man is always growing old 
Tbe Slow holds good in the case o 
Stan: whether it is in the mair 
sequence or pulsating region or ro 
giant stiip, it is evolving or ageing. 

When a star is born and brim mi nj 
with energy, It starts at the uppe 
kn comer of the H.R. diagram 
With the passage of time, itsenerg 
'evaporates*—-its luminousiiy am 
surface temperature decrease gradu 
ally. The hydrogen inside fuses l< 
form helium, which is further con 
verted into carbon and heavier ele 
ments. Here it reaches a 'dead end' 
that is, the extreme right corner c 

tbe H.R. diagram, to become a tin 
dwarf star. 

As the evolution of a star brin| 
■bout radical changes io its interns 
structure, the puUatioo-penod als 
undergoes variation in a puliatin 
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;Ur. This is tpptrent from the 
roUowing: 

In an organ pipe we know that: 
the period of vibratiM of the air 
^lurnn oi the column length 
rorreipondingly, 

rhe period of pulsation of a stiro< 
he star radius (raised to the power 
)f 1.5) ...I 

ks a star's lummousity o( the surface 
irea of the star 

a(2«($tar's radius)* 
o((star's radius)* .. ..2 

klso, a star's luminousity o( effective 
iurface tempenture (mentioned 
ibove) .... 3 

fberefore, from I, 2 and 3, the 
>ulsation•period of a star is related 
oils luminousity and effective surface 
emperature. 

)n general, the rate at which pulsa- 
ion-period changes is very small, 
ay, of the order of I second/century. 
So, the measurement of such a small 
quantity is something interesting to 
enow. 

Consider for simi^fi cation, three 
;locks: A, B and C (see Tables). The 
look A is a standard clock which 
neasures a day to be of 36.400 secs, 
the clock B. however, measures a 
(ay to be of 86401 secs; i.'e., 

{ loses one second each day. The 
bird clock C slows down every day 
ty 2 seconds; to begin with, it 
aeasures a day to be of 86401 secs, 
rhe Tables I and 11 give the lime- 
ecord of clock C and clock B during 
I finite number of days. In the third 
rolumn of each table, how these two 
rroneous clocks differ from the clock 
Un measuring the period of a day is 
;lveo. This cumulative error, which 
lepends on the passage of time, is 
ailed phase-shift. It indicates the 
imouot of shift in pulsation*rate a 
tar undergoes. Let us now assume 
he clocks as star B and sur C. 

First note-ibeir initial pulsation- 
leriods and assume them to be 
tandard. Say, for instance, tbe 
tandard time to be that of our 
tandard clock A—B6400 sees, 
fhereafter, we go on noting their 


puUation-periods, gs we bad done 
in tbe case of docks for etch day. 

When substantial readings have 
been recorded, a graph is plotted 
between tbe elapsed time and 
the corresponding phase-shifts. 
If the graph resembles I, i.e.. a 
slope, the pulsation-rate of star B is 
consunt. If the graph resembles 11, 
i.e.. parabola, tbe pulsation-period 
of tbe sUr C is slowing down. The 
rate at which the pulution-period 
is decreasing enables tato deduce the 
evolution-rale or the aging of con¬ 
cerned star. This is one of the 
greatest benefits that accrue from 
the study of pulsating start. 

The past studies have brought in 
interesting results. The study of 150 
short period Cef Aeidr (globular clus¬ 
ter Ofutga Cfntaufis) by E.G. Mart I n. 
between the yean 1896-1935, has 
revealed that 19 of them have un¬ 
doubtedly undergone changes in 
their periods. The pulsation-period 
of R.R. Lyroe stars have also been 
found changing. These studies were 
crucial in proving that start are 
aging^the hypothesis which pre¬ 
viously was not supported In 
some cases, stan have been found 
erratic in their evolution process, i.e., 
their pulsation-periods remain con¬ 
stant for some duration, then change 
abruptly, to remain constant again. 

Pukatlag star •• an astrotomkal tool 

In 1912. Miss Henriettas. Leavitt, 
a worker at Harvard Observatory, 
made telescopic studies of 25 Cepheid 
variables located in the same star 
cluster, the Lfuar MageHank chttd. 
When she arranged the Cepheids in 
order of increasing pulsation-period, 
she found their magnitudes also 
inatased. As this cluster of stars 
was like a bunch of bulbs at the same 
distaocc from the observer, any 

difference in bri^tness among them 
could not be attributed to a factor 
other than their intrinsic brightness. 
A graph was. therefore, plotted by 
her. which turned out to be appro- 
ximauly 8 slope, to indicate a 

m 


perfect relationship between tl 
magnitude of a star and t 
pulsation-period (for maihematlci 
proof, compare the equation (I) wit 
(2)). It was Prof Harlow Shaple; 
a worker at the same observator 
who in 1915, with more dau at han 
attacked tbe above relatlonshi] 
thereby putting the relationship o 
a stronger footing (Fig. 3). Later. 1 
made full use of it in mlualing tl; 
sire and character);.tiC5 of our galas 
and the universe. 


The period-lumittousity law (Fig. 3 
is a relation between the absolui 
magnitude of a star and its pulsation 
period. How it enables one to fini 
the distance of a pulsating star ani 
thereby of the location (cluster o 
nebulae) needs elaboration. 

Consider the expression 


Lo, r _ 

where m. M and r are rcspeclivel; 
the apparent magnitude, abtolut 
magnitude, and the distance in ai 
astronomical unit (parsec). So, i 
m and M are known, r can bi 


calculated. 

The apparent magnitude il thi 
brightness of a star as seen from i 


distance; the more distant the star 
the less is its apparent brightness 
Absolute magnitude, on the othe: 
hand, as the actual brightness of th( 
star, which, of course, is Independen 
of any factor. The measurement o 
apparent magnitude is easy, bu 
measurement of absolute magnitudi 
is difficult This is where period 
luminosity law stands in good stead 
First, pulsation-period of the star i: 
determined, and from the law (Fig.3. 
the corresponding absolute magni 
tude is determined. From the abov( 


equation, distance of a star from thi 
earth is calculated. 


K.C. Arp of Mount Wilson am 
Palomar Observatories modihed thi 
form of period-pulsation law. It i; 
now a relation between the logarithtr 
of the pulsation-period with medlar 
absolute magnitude. Median abso 
{Continued on page 4S4 
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Retina of the eye, aoaloBOiis 
to the film is a camera, is 
vital for vision. It can detach 
from the choroid. Its detach¬ 
ment, if not treated promptly 
and iMOperly, can iead to total 
blindness 


R etina is to ihe eye whai the 
photographic film is to a camera 
~only more complex (Fig. 1). The 
l>oints of similarity between a human 
sye and a camera are many. The 
Photographic him is held stretched on 
he back ofeamera, a light-tight box, 
.0 receive (he image focussed on it by 
he lens system of the camera. The 
t(ina is similarly placed on the back 
)f the eye to receive the image 
bcussed by the lens system of the 
ye. While the photographic film 
$ meant to retain a single image 
lermanently, the retina receives and 
ransmils to the brain successive 
mages as the eye looks on, somewhat 
imilar to a television camera. The 


has to be manually adjusted to permit 
only certain quantity of light into the 
camera to give a good photograph 
in a particular film. The aperture 
(called pupil) in the iris (diaphragm) 
of the eye is aulomaticaliy adjusted, 
similar to certain auloznatic cameras 
available nowadays. Similarly, 
while the focussing is done in most 
cameras by the photographer, the 
focussing of (he eye is automatic 
through certain changes to the human 
lens. In order to prevent scattering 
of the light inside the camera, which 
could fog the film and give a hazy 
photograph, the inside of the camera 
is covert with absorbaot black 
paint. For precisely similar reason. 


been provided with a dense dark pi| 
ment in the pigmented epitheliu) 
and choroid (Fig. 3). Unlike 
photographic film, the retina is 
living tissue requiring a huge quantll 
of nutrition (fuel) and oxygen for ii 
survival and function. 

. The most sensitive and comple 
outer portion of the retina has n 
blood vessels to supply it oxyge 
or nutrition directly. For thesi 
the retina has to depend on tli 
choroid whi^ Is highly vasculs 
(with plenty of blood vessels) fc 
sole purpose of feeding th 
retina. For the retina to be able I 
use the nutrients, it must remai 
in 'position*—in dose proximity wit 
the pigmented epithelium and th 


perture of the camera diaphragm just outside the retina, the eye has 

f Pituik is Aid. Professor of optblmootogy (Retina ^rs) ai MsulMa Axad Madirsl CoUsgs and Aisodatsd Irwin and O.B. Pa 
ioapUals. Now Delhi. 




ng. 1 

horoid. Under eeruin circunuun* 
es, dlKUssed below, the retint |eU 
epereted (detached) from tbe pig* 
lented epithelium and the choroid, 
lie conditioD is known as 'Detach- 
nent of retina*. 

Anatomically there is no defiDite 
iltachmeai between the retina and 
he pigmented epithelium, the correct 
xpression should have been separa- 
ion of retina rather than detachment 
it. Immediately following the 
letachment. the retina fails to 
eceive or transmit an image with 
ny amount of clarity. When the 


detachment is partial involving a 
part of tbe retina, tbe cone ap ondipg 
part of of viiion* (the area 
visible) is lost (Pig. 3). When the 
centra] (macula)—(be area of the 
retina used for seeing tbinp we 
look at*, things we wish to see ts 
detached, the result is catastrophic. 
As the retina gets lifted up, it relaps¬ 
es into wrinkles and foldi. Tbe 
patient sees thjap wavy, tiJted 
and distorted before total loss of 
vision. Only a strong source of 
light or a bright object can be seen. 
When tbe retina is toCaJly detached, 
all vision is lost. If tbe retina can 
be reattached quickly, most of tbe 
vision can be recovered. 

However, if the retina remains 
detached from tbe choroid, i.e., 
away from its source of nutrition 
and oxygen, its outer layers contain¬ 
ing the important visual elementi 
slowly die and degenerate. The 
retina could be dead compleidy but 
for the fact (bat its inner layen have 
tbeir own vascular supply wbkfa can 
delay death but cannot save it 
Tbe result is total and permanent 
blindness. Tberefora, tbe longer tbe 
retina remains detached the greater 
is (he degeneration and the lesser 
the chance of visual recovery. 
Unfortunately only 20% of my 
cases have reached me within a weak 
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Tcan or boka m tbe icimn do no 
develop m benbby ^ 

except when tbe retina is dbectl] 
pkresd ns in pa fin a tre f iqjnrka o 
tbe eye or vbca tbe retinn i 
sUn i biO faeyomd ewdnnee in Ik 
terrible dis tortion of (bn cyi 
foUosrini powerfU bkwa to tk 
eye ns among boacn. 
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ing in its weakenn^ depenenlion o 
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e to Ibe letu are 


of tbe mort importaol fnelora sHhcI 
predia p o re tbe eye to tbe ds e tiop 


nent of retinal breaka. Aetna 
brenks could develop if iadividnal 


WTtb inch eyes receive a jolt or jeil 
or are sabjecled to mdden acedera 


boo or d ccehr a t ion while travcfliai 
to n jerky vcbide (i.e^ jeep or i 
•CDO(cr)oo a rough rond,or in nai 
which tpath ap too Inst and i 
suddenly bi on^ t to n ball. Ewk i 
bump on the bred, a tail ia a sl i p per 
bathroom, or a mnmgs by ai 
cDtbireastic barber cooM p in dpim 


retinaJ Ireia. 


Tbe Jtgt nr ration of the retbu 
and Ibe vilreore is dcewmiire 
by a poetic abaormafiQr. Sneb m 
abaomni ia dondy rdaled t 
another abdOrtMl gene wbid 
enuKs diort-i^lednem (myopinj 
Therefore, moot cams of viUeti 
retisnl if*fiT***”**^^— (VltD) are t 
bcmeanawngthearyopti sprciill 
tbe progreodve type ( p n tiejits needm 
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Besides myopie, old age and cer- 
lin ocular inilarainations (chorio- 
etioitis) the common causes for 
itreo-retinal pathology. If a cataract 
evelops In such an individual, an 
operation is done to remove the 
tm. This ca uses the vititous to shift 
orwards. In a bad operation the 
itreoui flows out of the eye during 
he cataract operation producing a 
mil on the retina, and chances of 
levelopment of retinal tears in* 
rease. In a recent analysis of cases 
>f retinal (ears registered at the 
UtinaCare Unit of the Department 
f Ophthalmology. Maulana AzMd 
dedical College, myopia accoun* 
ed for 68%. the cataract operations 
aphakia) for 16% of cases and 
rauma accounted for 6%. With an 
inticipated increase in the number 
>f cataract operations in the coming 
'ears, aphakia may become the 
nost important cause of retinal 
letachment in India. Speci* 
illy if Che quacks and the old 
ishioned surgeons, who are extre* 
nely casual about vitreous loss and 
listurbance, are encouraged and 
lorified for their 'instant' surgery, 
blindness due to retinal detachment 
rill be on the increase. 
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produce difTerential movement of the 
collapsed vitreous in relation to 
the tunics of the eye including 
the retina. Jf the vitreous has any 
abnormal adhesions to the retina, 
it would produce a (ear (Fig. 4). 

Tears do not by themselves lead 
to detachment. When fluid vit* 
reous exists dose to the tear, it flows 
through the tear to lift the retina and 
accumulates behind it starting deta- 
chment (Pig. 5). As more fluid 
accumulates lifting more of retina. 


the dedchment spreads. In di 
course detachment becomes iota 
There is usually a conviderab 
time interval between developmer 
of a retinal break and the onsi 
of retinal detachment. If durir 
this time interval the tear is detecte< 
it can be sealed without an operatic 
by focussing strong light (PhoK 
coagulation) (Fig. 6) around it < 
by freezing it (Cryopexy) (Fig. 7 
Also dangerously degenerated arei 
of the retina which could brea 


^Ureoui in tbc neebaaiso of devo* 
apnent of retinal (ears 

Vitreous is a transparent jelly* 
ike tissuefllling the space bounded by 
ens in front and retina behind, 
formally it has no Arm attachment 
0 the retina which it supports. The 
itreous consists of molecules of 
Qucopolysaccharides, swollen with 
vaier (hydrated), suspended in a 
neshwork of collagen flbers. In a 
lealthy state their arrangement is 
ompaa and looks like a soft traos* 
»arent jelly. 

When the vitreous undergoes 
legeneration. the fat mucopolysac- 
haride molecules dissolve to form 
lockets of fluid. The collagen net¬ 
work collapses and the vitreous 
brinks, A sudden movement of the 
itreous cavity of (he eye would 
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ft$. S. rt ifw 
iown to cause retina] breaks can 
iimilarly be treated to forestall a 
jetachmeot. This is the basis of 
I system for prevention of retinal 
letachment through prophylactive 
preventive) therapy. 


rause of rfttaal ietachaaal 

The cause of spontaneous or pri* 
nary retinal detachment was shrou* 
led in mystery until Jules Gooin 
1&70-J935). the great Swiss ophthal- 
nologist^ at the beginning of this 
entury made a thrilliag observation, 
t laid the foundatioii of the modem 
letachment surgery. He noticed 
bat often ophthalmologists recof- 
led a tear or a hole in the 
etina in cases of retinal detach* 
neot without assigning any signi* 
icance to it. In hit view» if retinal 
loles are the cause of retinal detach- 
neot, every case of detachment must 
lave a retinal tear. He began »• 
AStnining all cases of retinal detach- 
nent where no bolei had been 
letected. Maflyofthecaseaie eaacu* 
ed revealed retinal holes. He eon- 
luded that retinal hole or a 
teak is the cause of primaxy retinal 
letachment. 


cnshcrstiml 

TVtatmeat of retinal detacfanents 

A surgical operation it the only 
treatment for retinal detachment. 
This involves essentially four steps: 
(1) eiposure of the back of the eye 
globe by ctitiiftg through the thin 
membrane, conjunctiva, which 
coven the front half of the globe 
and then continues to cover 
the back of the eyelids, (2) pro¬ 
ducing a choroidal reaction <a 
sticky surface) under the retinal tear 


so that retina around the tear coul 
stick to the underlying choroid uli 
mately forming a firm chorio-retim 
adhesion, (3) producing s sclen 
buckle (bulge) which pushes it 
choroid with the sticky surface tc 
wards the retina with the tear, an 
(4) removing the fluid which ha 
accumulated between the retina an 
the choroid so that the retina ca 
settle on the sticky choroid- mad 
easier by the buckle. 

The details of the steps ar 
given below; 

Expoxmg the back of the eye globi 
The lids are kept open by 'retractors 
or 'speculum*. The conjunctiva i 
cut close to the cornea and lifiet 
up to expose the outer coat of ih 
eyeball-sclera and the eye muscle 
attached to it. 

Peoducing a choroidal reaction 
Choroid is like a carpet of bloo< 
vessels where the soft surface is inner 
most and is close to the retina. I 
consists of loop and masses of fin< 
thin-walled blood vessels (capillaries) 
When damaged, these capillaries 
leak a sticky fluid (exudates) or 
to which the rttina with the tea) 
can stick. The choroid capillaries 
can be carefully damaged either b; 
heating or freezing. Heat can bi 
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)rod\iced to damagt the choroid 
:apillarie9 by two methods r 

Diathermy. A diathermy appli¬ 
cator (electrode) U positioned on the 
idem ouuide the globe, and 
I high frequency (13.56 MHz) 
current is passed. Heat is 
produced as the high frequency 
current labours through the 
esislance offered by (he body 
issue as a semiconductor. The pro¬ 
cess is known act diaihermy coagula- 
ion. By careful regulation of the 
current made to flow through (he 
clera and choroid an appropriate 
reaction* can be produced. Diaihcr- 
ny is one ofthe oldest and surest me- 
hods to produce choroidal reaction. 
I'et, it has the disadvaniage of 
iamaging the sclera which be- 
omes wealc, and heating the vitreous 
ould shrink *it further. With 
ninitnal use of diathermy, these 
lisadvantages can be minimised. 

pHOTOCOACULATlON. The Other 
wthod of damaging the choroid 
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capillaries by heat is to focus a very 
strong light through the pupil on to 
the pigments of the epithelium (a 
single layer of heavily pigrrtented 
cells lying between the choroid and 
the retina) and the toroid (Fig. 6). 
The focussed strong light energy 
gets concentrated on the dark 
pigment, which absorbs it to pro¬ 
duce intense local heat damaging 
(he choroidal capillaries in the vi¬ 
cinity. The process is known as 
'phoiocoagulatioo* and is similar 
to (he way children burn paper by 
focussing sun rays by means of a 
thick convex lens. The cornea and 
(he lens act as the focussing system 
and a strong artificial source such 
as a xenon arc or a laser system 
replaces the sun as the source of 

li^i energy. However, photocoagu- 

laiioD H not effective in the presence 
of a detached retina. Therefore, 
it is usually used to seal a tear and 
prevent detachment. Fbotocoagula- 
tioo is rerely used as a part of 
surgery of retinal detachments. 


Crycptxy. The choroid capillaric 
can also be damaged by freezini 
Ice crystals are formed inside th 
cells lining (he capillaries. Whe 
wa(er (the cell content is 9S % watei 
turns into ice it expands in volurr 
and breaks (he cell wall. The capr 
laries produce an exudate as i 
diathermy and photocoagulatioi 
The freezing is done by th 
cryopencil applied on to th 
surface of the *^obe (Fij 
7.) The tip temperature of the cryc 
probe is lowered to as low as—70^' 
(body temperature+37’C). The ti; 
sue in contact cools rapidly and ult 
inately gels frozen This metho 
is new and has many advantage 
Unlike diathermy, the freezing dot 
not damage the sclera or the vitreou: 
It cao even be used through the coi 
janctiva without damaging ji 
structure. 

Selttai buckit. Buckles are pre 
duced by burying a materiel (a 
implant) of suitable size and shape i 
the layers of the sclera (intra-sclen 
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uckk) or by suturing the iiDplAnt 


a the fturfhee of the sclera (epi- 
cleral buckle). When e xnore pro- 
liaent aad a pennaaeat buckk it 
eairad, an eacircliogbaad or stHng 
I patted aU round the globe over 
tie implaoU and ii tighlcaed to 


coociwt the glolK aB nmd (pg. S). 

Varioes maseriab have bea and 
at Sfliooa rabber or 

tpoofe it the noet p op aiar aamg 
noo-abwrbabk raa te r ialr , 
iUMeaa/ if the 

ir a patieat with reciMi detach* 


hieiit ti made to lie down dal 
bh back with both eyes bandaged 
there ta a good chance that the sub 
retinal fluid will disappear resultini 
ia a icaUachnent of the retina 
The vision will improve. In fact 
hefoieGonin* patieoU were kepi ot 
their back for years. However 
if the retinal tears are not do 
aed» the retinal detachment is son 
to recur as soon as the patient move; 
about. Occasionally, when the re 
tini aelUes completely on bed rest 
the retinal tears can be sealed b) 
pbotocoaguUtion alone and a sur 
gery becomes unnecessary. 

In the majority, however, the sub' 
retinal fluid hu to be drained ou1 
during the surgical operation. A tiny 
cut is made on the sclera to expose 
the choroid. It is then punctured with 
a findy pointed instrument to drain 
the sub-retinal fluid (Fig. fl). Alter* 
natively, the sclera and the choroid 
are perforated by a needle connected 
to the diathermy (4* ve) or catholysis 
(-vt> current. The procedure of 
draining the fluid could be risky. 
There is yet another technique where 
a diorokUl reaciion is produced 
by diathermy or cryopexy over the 
retinal tears, sckral buckles are pro¬ 
duced. but no attempt is made to 
drain tbe subretinal fluid. In a few 
days tbe subretinal fluid disappears 
and tbe refini settles. 

Routine use of indirect ophthal¬ 
moscope (Fig. 9) (an instrumeol 
to visuaJise the retina) during pre- 
operative eaamination and durin| 
operation is perhaps the most im* 
porlant single factor in success oi 
detadiment operations. For ins 
the sucoess rate In detichmen 
operations at the Irwin Hospita 
bdbre 1969 was less than 25% 
OphthaJinic surgeons with Q4 
qjccial training used direct oph 
thaUnoacopes—completely inade 

quate instrumenls for retinal work 
However, since then, the routine us 
of indirect ophthalmoscope by th 
retina surgeons of the Retina Car 
Unit of Irwin hospital has resulted! 
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I success rtte of over 15% in recetit 
ftMTt. With improved opera tioa 
;beaire conditions and availability 
3f specialised sutenal for opention, 
the success rate couM be improved 
»en further. 

That the eye surfeons trained in 
the old English schools are usually 
;>Qor retina surgeons is just being 
*ecognised si a terrible cost to the 
letachment patients in India. 
Unfortunately, however, there Mrt 
sniy a handful of ophthalmic centers 
n India which are equipped for 
retinal work. Whit is even more 
Jnfortunale is that even in those 
few centers there are not enough 
retina specialists. There are i few 
^phthalmic surgeons in private 
practice in the large cities who 
have taken to retinal surgery in 
right earnest. They are a welcome 
iddition to the extremely small group 
>r retina specialists working in public 
institutions. 


While lack of trained retiog sur« 
geons is the most pressing problem 
before the country today, there are 
the following factors which must be 
attended to: 

Popularisation of indirect ophtfa* 
almoscopes among post-graduate 
students of ophthalmology. 

Indigenous manufacture of such 
basic equipments as diathermy 
machines, cryo units, indirect oph¬ 
thalmoscopes and later photocoagu* 
lalors and vitreous-surgery equip¬ 
ment. 

Until a decade back, most cases 
of retinal detachments were going 
blind undiagnosed in India. There 
were only a few centers where half 
hearted attempts were made and 
luck counted more than the skill and 
' technique of the surgeons. 

Now that modem detachment sur¬ 
gery is possible in the country, all 
out effort to train more ophthalmic 
surgeons in retinal surgery should be 


made, la the metii time patien 
of retinal dctadiment must be save 
from ophthalmic surgeons who ai 
really no retina surgeons. 

(To be concludet 
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PULSATING STARS (Continued from page 477) 


ute magnitude is the average of the 
>rightest and faintest magnitudes of 
i pulsating star. In 1952. the entire 
;raph was reeasted by W. Baade of 
dount Pilomer. He found three 
eparate period-1 uminousity curves 
vhich previously were thought to be 
»ne! one for Ckssicai Cepheids, 
inother for Type-two Cepheids and 
till another for R.R. Lyrae sian 
Fig. 4). This discrepancy brought 
n an average error of 1.5 magnitudes 
1 measuring Classical Cepheids' 
»rigbtiie&s. The rectification of the 
rror led to the doubling of the size 
the universe. 

As Cepheid variables are of high 
uninosity, they are useful in the 
leasurement of distances of nearer 
alaxies. The R.R. Lyrae. the less 
itminous ones having same absolute 
nagnitude, are useful as distance 
idicalors for objects in our galaxy 


only. By the use of these stars Prof. 
Shapley surveyed the distances of 
clusters and nebulae. Knowing their 
directions he established the dimens- 
lion of our galaxy and pointed out 
the eccentric but correct position of 
the sun which was then not believed. 
In 1924, Erwin Hubble, Mount 
Wilson Observatory, taking the help 
of Cepheid variables in Andromeda 
galaxy convinced the astronomers of 
the existence of galaxies as indepen¬ 
dent systems. How significant a role 
pulsating stars have played in the 
study of the universe can now be 
gauged. 

C oachuio e 

Of whatever value the pulsating 
stars have proved to be in probing 
the depth of the universe, bow much 
we have understood the pulsating 
stars is doubtful. Why are there 
are a few non-pulsating stars 


present in the pulsating regior 
of the H.R. diagram? What makes 
certain stars pulsate when ih< 
effective surface temperatures are fai 
higher than the limit we have iheore 
tically laid down. Just a few, isn'i 
it? But they are highly controvenia 
ones. 
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Television detector cars 


r H E perfection of leleviiion among 
all electronic appliances is one 
if the marvels of scientilk age. With 
he advent of TV (tele^far. vision « 
0 see), electronics has made "seting 
:t a distance* possible, and has 
idded a new dimension to broad- 
asting. In India, the development 
if TV as a vital audio-visual media 
las been slow. However, in cities 
ike £>elhi. Bombay, Calcutta, etc., 
md adjoining towns within a radius 
)f about 80 km. antennas on the 
oofs and terraces is a common sight, 
n recent years TV viewing has 
lained significant importance and de- 
sand for TVs is rapidly increasing, 
n the coming years, with the intro- 
luction of a second TV channel, 
here would be a further rise in 
lumber of TV users^sotne without 
iny legal permit. So (he licensing au- 
horities are bound to feel concerned 
nd therefore need reliable detection 
echniques to check and pickout the 
iffenders. 

At a television transmitting itition. 
n electronic camera converts TV 
igoals into a series of radio fre- 
Itiency electrica] impulses. The fre* 
juency of the impulses corresponds 
o that of radio waves. Further, they 


are amplified and fed nto (he timna- 
mitting aerial. The aerial radiates 
electromagnetic radio waves wbidi 
are capable of iraveUiag through 
space over long dacanoes. At a 
distant TV. these waves are picked up 
by an aerial The waves laduce pul¬ 
sating currents ta (he aerial (hat aie 
identical with the originaJ signal. 
These dcdricaJ signals are fed into 
the TV mu where tbey are ampli< 
hed and converted iato light to 
re^x>doce the origiiiaJ sound and 
picture on tbe am ii of a C.R.T. 
(Cathode Ray Tube). 

Rdiabk and good leceptioo in a 
TV set depends on tbe ability of its 
receiviog aerial. **Good absorbers 
are good radiators** b a wdMtnown 
fact. It b obvioitt (hat TV receivers 
are good tnosaiiuen of radio waves. 
If the dial of a sensitive radio ml 
b adjusted io Uie neighboarbood <4* a 
TV set. a number of srhistlcs are 
beard due to stray aod sporious elec- 
tficaJ disturbaiices. It b oa (hb 
pfiAdpb that a TV deaector wcats. 
Id a televbioo mU a number of coo- 
duetofs or electronic circails feed 
cods with aJtermtbif enrreaU, so 
thatcnchoftheooAiaclinsa soorve 
offloctuati^angMlieield. Owing 


tio the back and forth movement o 
dectroAS in ahemating current. Ih 
fluematiog magnetic field gives risi 
to dectromagnciic waven. Thes 
waves induce undesirable curren 
pvbcs in the neighbouring conduc 
tor of the mtving mi. whici 
can he picked up and cventuall 
detected. 

A refined detection technique b; 
tbe use of detector vans and portabli 
sets has been developed in U.K. 
which will help the licensing autho 
rity to pickout the ofTender. Tb 
equipment has now been developer 
to soch a d e gr ee of refinement tha 
canct tocatioo of the room, or flats ii 
a large block, in which TV set r 
being used can be determined. Thi 
detector car carries at ib (op ar 
aerial which is capable of rotating l< 
pick up waves of high frequency 
Them waves are radiated due « 
fluctuations in the magnelic fieU 
around (he local o^illalor coil o 
(he frequency changer in a TV set 
The signals received by rotatingacria 
are fed to a sensitive radio receive 
in the detector van. The receiver 
in turn, feeds the signals to the ampli 
fier circuit attached to a C.R.T. 

Wheo the aerial points toward 
any idevision set in operation in it 
victniiy. a *'blip** is observed on th 
scr een of C.R.T. Its position ma; 
be adjusted by slowly routing it til 
maximum si/e of (he blip rs oblaioed 
Io order to ktenlify (he building ac 
curuidy. a periscope is coupled t 
(be aerial and mots along iL O 
lotting through the periscope, th 
suspected building may be locate 
f'om the direction to which (he aerii 
is poiAling. provided, of course, tlu 
Ihe TV sel is in operation when th 
detector van passes through il 
neighbourhood. Such ssnsiliv 
equipment to find exact posi 
tion of a TV set in operatio 
are quite popular in Britain. I 
India also they may soon be n 
quired. 

B.K. Smaam 
Department ef Fhrs/i 
RrgidUM/ CaHegt of EStcath 
akebaaeswot (Or^ 
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Lymphocytes—the cellular basis 
of immune response 


A ll aoifials Are endowed with 
an exceilenl defence mecbaniim 
ivhkh protects them from invading 
igcnu of the environment. The 
itudy of this defence mechanism 
sai given birth to a very exciting 
icience known as ''Immunology'*, 
rhe Kience of immunology deals 
vith the specific responses which 
ID animal shows when foreign mate* 
inis (antigens) are introduced into 
U body. Such immune responses 
lonsisl of synthesis of specific immu- 
loglobulm protein molecules (anti¬ 
bodies) and/or specifically reactive 
ells (lymphocytes), both of which 
an circulate in the blood stream 
kfid react specifically with the anti* 
len. As a result of this immune 
eaciion the foreign material maybe 
nactivated» killed or engulfed by ihr 
ells of the reiiculo-endothelial 
ystem. Under severe condition 
lypersensitivity reactions (e.g., all- 
rgy) may alio occur with the release 
f histamine and other pharmaco- 
9gical mediators of infUmmation. 
n general, immune responses may 
€ divided into two classes—humo- 
al, and cell-mediated immune res- 
ense. The immune response bro¬ 
ught about by serum (circulating 
ntibodies) is called humoral im¬ 
mune response.whereas those brou¬ 
ght about by sensitised cells (lym- 
bocyies) are called cell-cnedUted 
nmune responses. The present 
nicle discusses how lymphocytes 
xhibii cdl-mcdiaied immune 
Kponses. 

The history of immunology dales 
ack 10 179$ when It was di«^vered 
sal milkmaids were immune to 
nallpox infection. In those days, 
nd even upto Che first half of the 
!>ih century, immuwilogy wus a held 


for those who were primarily Inter¬ 
ested in infectious diseases, allergies, 
and (he question how antibodies are 
made. The l9S0i and the early 
1960s saw the exploration of the 
chemical basis of antigen-antibody 
interaction and the molecular baais 
of antibody structure. Many immu- 
oologisu were convinced that in 
order to understand how antibodies 
work, there was an imperative need 
to know how immunoglobulins (anti¬ 
bodies) look like. Molecular biolo¬ 
gists had to know wbat DNA looks 
like before they could begin to 
understand the gene function. 

Lymphocytes and ImaMlty 

Lymphocytes or white blood cells 
are one of the important constituents 
of blood. The total lymphoid tissue 
of a normal mammal constitueu about 
I % of its body weight. Its predomi¬ 
nant cellular component is the small 
lymphocytes. These cells are ubiqui¬ 
tous throughout the body but concen¬ 
trate in lymph nodes, thymus, spleen, 
bone marrow, the blood stream, 
fluid of the peritoneal cavity and 
the major lymph channels. The 
immune system which is quite im¬ 
partial in its dealing with formgn 
materials consists of lymphocytes and 
the antibody molecules they secrete. 

In the past it was thought that 
lymphocytes had nothing to do with 
the immune system. It all began 
during early 1960s when cellular 
immunologists demoiutrated that 
lymphocytes were the principal cells 
involved in immune reaetioiu. The 
most convincing evidence came from 
irradiated rats. Irradiation killed 
lymphocytes and the rau showed no 
immune reaction. When a pure 
population of rat lymphocytaa, 


obuined from the chief lymphat 
vessel (the thoracic duct), was givt 
to irradiated rata, both celluiv as 
huiDoral iiiifflunity were restored. 1 
addition, depktiiig the aniiiia]i < 
lym^iocytes by prolonged drainai 
of the thoracic duct was found t 
impair their immune respoosivctieti 
The lymphocytes, whose origin an 
fuactioni had been a mystery fo 
long, were established aa '‘immuDC 
competent" cells. 

TV caairil deema of immimnlncj 

Although lymphocytes Appear l 
be a homogenous population, the; 
are actually a heterogeneous collec 
tion having diflerent fates, function 
and origins. There are two distinc 
types of "immunocompetent" lym 
phocytes: one which requires (hi 
thymus gland for development and 
is responsible for ceK-mediated iminu 
nity. and another which develop) 
independently of the thymus anc 
mediates humoral antibody response 
In this way. the "two-lymphocyte 
model" of immunity was established 
at least In case of bitds and mammals 
with two major lymphoid organs-^a; 
the bursa of fabricius (a cloacal 
lymphoid organ unique to birds) oi 
its mammalian equivalent (still un* 
known), and (b) the thymus. Thd 
lymphocytes derived from thymut 
are referred to as cells", while 
those derived from the bursa in 
birds or its equivalent in mamma It 
are called "D cells". 

All (he lymphocytes (hat circulate 
in the tissue arise from precursor 
cells in the bone marrow. About 
half of these lymphocytes, the T 
cells, pass through the thymus on 
their way to the different organs of 
the body. The other half, the & 
crils, go directly into circulation. 
Tliis'‘dichotomy" which works with 
(be two types of (be lymphocytes was 
first discovered in 1968 by Heuy N. 
daman of University of Colorado 
Medical SchooL U.S.A., and was 
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harAcieriZHl by Jtcque^ F.A.P. 
lilWr and Graham MitchcU of the 
A&el Institute for Immunology. 
witzerUnd. The dichotomy of the 
nmune system into T and B lympbo- 
Ties hns become what is presently 
nown as the central dosma of 
nmunology. 

dscorery of T and B edit 
The chicken has played a leading 
^le in the discovery of the two 
ocnpartment system of immunity. 
I. Click of the Ohio State Univer- 
ity was working on the effect 
f removal oi an organ called 
\e bnraa of fabnciui (m chicken*, 
lie bursa is* a lymphoid organ 
>ca!ed at the posterior end of the 
aitrointestinal tract) from chicks 
1 order to check the assumption that 
plays some role in sexual develop' 


ment. Once, one of his colleagues 
borrowed some of his bursectomized 
chickens (chickens in which bursa 
was removed) to demonstrate the 
features of antibody production to 
a group of students. It was found 
that the operated birds showed poor 
antibody production. Glick there' 
fore reported in 1956 his observation 
in Poultry ScUnee after Scieuct turned 
down his paper on the ground that 
it was not of general ioteresl. Such 
an important observation thus re¬ 
mained in the realm of poultry phy¬ 
siology for several years. It was only 
in 1967 that R.A. Good, the present 
director of the SIoan-Kettertsg fiuti- 
tute for Cancer Research, New York, 
heard about this crucial observation. 
Good with his active group started 
these investigations only to hnd that 
each of the organ (the bursa and 


thymus) it responsible for producini 
distinct ‘‘immunocompetent** cells 
the T and B cells. AUo. during th 
same lime N. Warner and hi: 
colleagues at the University o 
Melbourne. Australia, came forwan 
with the idea that the immune systetr 
is dissociated and is controlled ii 
part by the burst and the th^us 
In this way. it was learnt that 1 
cells pass through the thymus when 
they difTerenliate and mature inU 
competent lymphocytes; the B celt 
mature into immunoglobulin-produc 
ing plasma cells (antibody^producuo^ 
cells). 

Derelopmest of T and B cdls 
Experiments with chicken and mici 
have clearly established thathacrao 
poietk (blood formini) stem ceUi 
from foetal yolk sac and liver raigratt 
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U> the thymus 4nd then prolifcrau 
into T lymphocytes ooder the ioduC' 
live mlluence of thysnic honiKmes. 
In tdull animals* the stem celb from 
the bone marrow migrate to the 
thymus (which can be hardly iduili- 
SedX but the rale is very slow in 
comparison to that of fetus and new- 
bora. The overall process of the devo* 
lopmenl ofT ceils may be visualoed 
is: 

stem cell >thymocytes-^mature 
rhymus lymphocytes periphenl T 
lymphocytes (Fig. !)• 

Profcftiea and faacUaaa of T 

aad B cellft 

Although T and B cdt populatioiu 
ire heterogeneous* T celb have a 
onger life span, on the avciage aie 
di^liy larger, more dense, less 
idherent to gUss, pbstic and ayloo. 
rlc.* and more negatively charged 
ihanBcclls. Furthermorr, Tcells are 
ielcclively depleted by anti'lympbo* 
ryte serum (antibody preparation 
igainst lymphocytes), hut in general 
ire less sensitive to drugs such 
IS cyclophosphamide, corticosteroid* 


and inadistioa. 

The B hnapbocyles are tiK cells 
responsible for the pfoducltoo of 
antibodies. But what makes H 
tymphocytci to produce antibodies? 
Most lymphocytes do not actually 
ttenu amibodies. They are *smair 
lymphocytes and are said to be in 
a resting slate, but each of the cell 
b commiiied ia advance to (he 
peoductioo of one specific antibody 
In order to secrete antibody, the 
cells must drst be activated by an 
appropnaie antigea. 

One would agree that the under' 
standing of the two-corripirtmcnl 
system of iaunontty. as it stands 
today, has paved the nay to a better 
immune mechanbrn in human henhh 
anddiscase. Basedonthis knowledge, 
rational aitempiv ace prevenily being 
mark for the benefit of patients with 

autoimmune disease, cancer, infec- 

. 

lions and organ grafts. 

Sandip N. Sinha 
DiPAK K. Duac 
Or^attment of Btocktmtsiry 
t/afiWTjrry C'of/rgp Science 
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Improvements in gene isolation 

techniques 

A.D. Hershey and M. Chase ai the 


G enetic information is trails' 
milUd from parents to offs' 
)rings through units called genes. 
3.W. Beadle and E.L. Tatum of 
r^lifornia Institute of Technology. 
J.S.A. as late aK 1930s dcmonslraavl 
hat this is as true of microorganisms 
IS of compica organisms. It was 
hcnapparcntthai the principal func- 
f«r> of the gcncv to give infor- 
(lation required for the construction 

if pn'tetnc. *f3w esperimcnl eem^ 
lucted b> F tiriftiih. an FngJbh 
actcrologist, in 1927 ^ve ckar 
vidciKC lh.*^l ihc genes of bnclerra 
re made isp of dcotynhonudeic 
vid (l>NA). Thai ihc vims genes 
rr made up o( t>NA was proved by 


Carnegie Institatioa in CcM Spring 
Harbor. New York. A number 
of viruses however contain no DNA 
but are composed of RNA and 
protein only. Examples are 
poViomyefstH virus, influen/a virus, 
tobacco mosaic virus, etc. If is now 
quite certam that the genes of higher 
organisms are coraposed solely of 
DNA. 

D^t'A .vrriAV^. DNA b a long. 
douhb'Strand.nJ macromoleculc. The 
stnrids are coiled heltcally around 
each other formrr^ a double 
helix Fach strand b made up of 
a chain of four kinds of nudcoiides. 



Hi. 1 (a). 

A nucleotide itself is a comple 
struciurt composed of an organ! 
base, a deoxyribose sugar and . 
phosphate group. There are fou 
organic bases, namely* adenine (A] 
guanine (G).cytosi AC (C) and thymin 
(T) present in a douKK* helix. Th 
hrsi two bases arc purines nnd ih 
last iwu pyrimidines. The purines am 
pyrimidines arc nilrogcn^contuin 
ing closed ring organic compounds 
The two strands of DNA arc relate^ 
to each other. For every A in cm 
strand, there is T in the other, an( 
for every G there is C in lh< 
other. The bases. A and T am 
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j and C, are **coinpUineiiury 
Mtes'* and so are the two DNA 
itrtnds. This is celled the cora^i* 
nentary base pairing. The compli* 
nenUry bases are associated with 
sach other by a cheinical bond known 
If hydrogen bond. The sugar pbos- 
)hate **back-bone** of the DNA 
[trends are wound around one 
mother to form a double helix, 
rhe outlines of the structure that 
utve been described so far are given 
>y J.D. Watson and F.H.C. Crick 
>r Cavendish Physical Laboratory, 
^mbridge University, Cambridge 
Fig. 1). 

Gene. Genes of all organisms are 
nide solely of DNA, with excef^ 
ion of a few organisms in which 
hey are made of RNA. DNA 
herefore is regarded u the primary 
torehouse of genetic infomiaeion. 
rhe discrete segments of DNA which 
ontain genetic information art 
;nown as genes. However, all genes 
re different as regards the number 
nd combinations of four nucleo* 
ides. Each gene determines the 
tructure of another acid known as 
ibonucleic acid (RNA). In Irving 
elks only one strand of DNA serves 
s a template along which the nucteo' 
ides are lined up according to the 
omplemenUry rules to form RNA. 
:pectdcally. the formation of mes- 
enger RNA (mRNA) from DNA is 
ailed *'transcription*’, and the for* 
ution of protein from mRNA is 
ailed "translation”. 

RNA structure. RNA Is a polymer 
bat is chemically similar to DNA. 
lowever, there are three differences 
etween these two acids. First, most 
lNA molecules have only one 
trend. Certain froms of viral RNA 
re an important exception to this 
enerelisalion. Secondly, RNA has 
tree bases similar to those of DNA, 
amety, A. 0 and C, but the fourth 
ase T is re|riaced by U (Uracil), 
astly. the sugar molecule is ribose 
islead of deoxyribosc. Ribonucleic 
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adds are cUssifwd into three types 
according to their metabolic roles. 
The three ebsses are:(l) messenger 
RNA (mRNA), (2) transfer RNA 
(tRNA), and (3) ribosomal RNA 
(rRNA). 

The sequence of nucleolldrs in 
messenger RNA determines the se¬ 
quence of amino acids to be iocor- 
poraled in a new protein molecule 
(translati)n). Transfer RNA mole* 
cules are smallest occurring ribo¬ 
nucleic acids made up of about 18 
nucleotides. They play a role in 
protein biosynthesis. The role of 
ribosomal RNA is structural. It 
forms a sort of skeleton for the 


assembly of ribosomes during pro¬ 
tein synthesis. 

Ribosome structure. Ribosomes 
arc cellular particles mostly present 
in the cytoplasm. They are spheri¬ 
cal in shape. Ribosomes are the 
sites at which proi.Hn biosynthesis 
occurs and are therefore rightly re¬ 
garded as "miniature factories" fot 
making protein. The ribosomes and 
some of their components are com¬ 
monly referred to by their 5-valu< 
(5-stands for Svedberg units, whicli 
area measure of the speed with whkl 
a molecule sediments when subjec¬ 
ted to a centrifugal force). 5*valuei 
are approximate values of the sedi 
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CENTRIFUGE 




menUlion coefficients u netsmd tke rItNA b sMetiaei known d% 


in the ultia centrifuge and expretied 
in Svedberg units. Ribosomes them¬ 
selves are 70S in lower organiims and 
SOS in higher organisms. Their pre^ 
pertics arc dependent upon the mag¬ 
nesium ion conceniiaiion. If the 
magnesium ion concenlfttion is low¬ 
ered, they dissociate into twoconsli- 
tuenl sub-units. Tlie sulyuniu mdU 
ment at SOS and 30S for Ibe lower 


riboaoaaaJ ONA (rDNA). The base 
— m the rDNA is characleris- 
tkahr difloeat from the tbe rest of 
the [^4A. H haa a high content of 
funama and cytosiae bajes that make 
its wobbon possibk. For gene 
imhtioa the ivmtiiator makes use 
of dooHy-gradient ceatrifugation 
and RNA:DNA hybridisation eiperv 
meaia. 


organisms, and 60S and 40S for tbe 
higher organisms. The larger luW 
unit is almost twice the lim of tbe 
smaller. 

Ribosomes account for a consi¬ 
derable proportion of RNA. About 
g0% of the RNA in a cell is in the 
ribosomes. Each bactehaJ rihr^ 
some contains about 50% proteto 
and 50% RNA, while ribosomes of 
chromosomal organisms or h^her 
organisms contain about 60% pro¬ 
tein and 40% RNA. rRNA U 
present in abundance and, tberefore, 
CM be easily identifkd. Each ribo¬ 
some contains three kinds of ribo- 
lomal RNA molecules. They are 
in different sizes and can be easily 
purified. In E. coti\ they are 23S, 
i6S and SS. In the African cU- 
ved-toad, Xenoptis^ there are 2SS. 
:8S and 5S molecules. These three 
nolecules can also be recognised 
»y the different molecular weights 
xptessed in daltons. Ribosomes 
lave an afliniiy for mRNA, and also 
ar IRNA. 

The discreU segments of DNA 
etermine the structure of RNA. 
pccifically. DNA that codes for 


Drnr/^ratfmr cmrhfi^cticfi. It 
IS a priamry iccboMtoc for the frmc- 
lioBatmi q( DNA. It separates 
DNA »A*f"**^ on Che basis of difle- 
reaces m their deoiities. DNA 
moiBcafcs with different G~C con¬ 
tests have differesi dersitica. The 
grtster the G—C conteats, tbe 
hs^wr the ifc a si ty of DNA. Tin 
DNA Id be fraclkHSled is raised 


with ca cs ian chloride sah ia a 


cuu i f ugp tabe and spun at a speed 
of 3QiOOI> Id 40.000 revolutions per 


aunafe. Tbe c a caiu m mil begins 
Id sedimeat dae to tbe strong centn- 
fiigal fotcB, forauag a comcnlra- 
Ckm giadieni ni tbe centrifuge tube. 


Each molecBie of DNA starts mov- 


rag to a level in the mh gradient at 
which the salt cMceoCiation exactly 
eqaab the moiecvle's density (Fig. 2). 
la this way, a piixtiire of DNA 
whh base composition is 

sefwjaad into discrete bands of DNA 
ai diflcicQt levels m the salt gradients. 
(For ^"^-"f** ** demonstration of cacsi- 
us chloride densiiy-gradient ceolri- 
fagitionaee iaa.. 1975, page 21). 

MNA:DftA kybriObatitm. The 
Lumpiimintniiji of bases belps 


determine just how much < 
sample DNA is a gene or genes fc 
a speciSc RKA. First, tbe tw 
strands of DNA double helix are » 
partied by heating at lOO^C as 
then rapidly cooling to (XC. Coolii 
is achieved by plunging the DN> 
containing tube into a freezing mi) 
tuit. Strand separation can all 
be achieved by adding NaOl 
and then HCL. This process 
known as 'DNA denaturaiion 
The DNA is immobilised by fixing 
on a piece of filter paper with tb 
help of formaldehyde. Fixation c 
the leparaled DNA strands is necei 
sary so that they cannot come bac 
to form a double helix. To this 
sol ut ion. conu I ni P g rad i oacti ve RN.' 
which has heavy phosphorous atomt 
is added. The radioactive RNA i 
known as labelled RNA. 

The DNA and labelled RNA an 
allowed to interact with each other ii 
the proper salt solution at the correc 
temperature. Sufficient time ii 
given for the RNA molecule to flm 
a complementary strand of DN4 
and pair with it to form a stabk 
RNA: DNA hybrid molecule. Thii 
hybrid has one strand each of RN^ 
and DNA. The RNA which doei 
not hybridise with DNA is degrade< 
with an enzyme called ribonucleasc 
and the fragments of RNA an 
washed off. Ri bo nuclease has rtla< 
lively no efiect on DNA tod th< 
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ybri4 molecuk. The next step 
i to meftsure the radioactivity of 
he billed RNA oo the filter paper, 
he imouat of radioactivity shows 
ow much of the RNA is bound to 
»NA. This shows how much of 
le DNA has a nucleotide sequence 
1 common with the RNA sequezsce. 
hat particular nucleotide sequence 
f the DNA is assumed to be the gene 
r genes for the RNA. 

.This assay system makes it pos- 
ble to count the number of copies 
r a gene (known as gene multipli* 
ity) that exist in the complete DNA. 

; is also possible to compare the 
.NAs made in two different organs 
r in difiertnl species and find out 

they contain identical sequences. 

Gent' Isohiion. H. Wallace and 
l.L. Birnsliel of the University of 
dinburgh in 1966 found through 
ensily gradient centrifugation and 
;NA: DNA hybridisation experi- 
tents, that the genes for ISS 
nd 28S ribosomal RNA are denser 
\'dn the bulk of (he cell's DNA. 
)avid Brown and others at (he 
'arnegie Institution of Washington 
abscquenily found that (he genes 
oding for 5S are lighter than the 
lain band DNA, as the genes them- 
elves are very small. 

These vX peri ments established that 
wo of (he three kinds of RNA 
IBS and 28S) are encoded by genes 
hat have the same density, because 
hey band together in caesium ch- 
3ride. Therefore they must be on 
he same molecule known as riboso- 
lal DNA. However, the genes for 
'S RNA which have different densi- 
ies are on other DNA molecules. 
)avid Brown and others could 
Iso estimate the number of 
ach kind of gene in a single set of 
Kromosomes. There are about 450 
opies each pf the 18S and 28S 
leoes and about 24,000 of the 5S 
lenes in each set of Xeno^ ui ebro* 
nosomes. Siziee diploids have two 
eU of chromosomesi each cell orasi 


contain twice the number of genes. 

The genes, coding for ribosomal 
RNA have been isolated from the 
ONA of the two related amphibians 
Xenopuj /eevCr and Xmpui mu/ieW. 
Three characteristics of the riboso¬ 
mal genes made them appropriate 
candidates for Isotaiion. First, the 
availability of the homogeneous RNA 
(hat could be radioactively labelled; 
secondly, the physical differences 
between ribosomal genes and rest of 
the DNA. and hstly, the presence of 
the genes in multiple copies. 

The first small amount of JtVro- 
pusfaevis rDNA was isolated in 1967 
by M.C Birnstiel and his colleagues 
at (he University of Edinburgg. They 
did it by cenirifuging Xi-no/tus DNA 
repeatedly in a caesium chloride 
gradient, each time collecting only 
the densest fractions and following 
the same experiments of RNA ;DNA 
hybridisation and radioactivity 
measurement. 

The centrifugation* method has 
been improved since 1967. There 
have been several other advances in 
the technique; an easy method 
developed by Mare Leng and Gary 
Felsenfcld of ihe National Institute 
of Health (U.S.A.) is that of poly- 
lysine. Polylysine is (he synthetic 
polymer of (Ik amino acid L-lysine. 
It tends to bind to DNA lengths that 
are high in A and T, leaving intact 
DNA lengths that arc high in O and 
C. Binding causes the precipitation of 
that length. This selective precipi¬ 
tation of the DNA molecule helps 
in the differentiation of high A and T 
from the high G and C DNA lengths. 
If carefully applied, the polylysine 
techaique can precipitate 99 of 
the total Xenopus DNA leaving in 
solution the ribosocnal DNA. 

These advances in the techniques 
and several kinds of experimentt 
including electron microscopy and 
analysis have given a 
rather derailed picture of the DNA 
that governs the synthesis of 18S 

4»1 


and 285 RNA molecules (Fig.5). TIi 
ribosomal DNA consists of a seric 
of repeating units which includ 
three major sequences: a gene fu 
IBS RNA, a gene for the 28S RNj 
and a spacer sequence. IBS an 
28S genes are transcribed into RN^ 
at usual but the spacer region is nc 
transcribed into RNA. The fum 
(ion of the spacer region is nc 
known. The ribosomal genes hay 
at least some nucleotide sequence 
in common in the cells of mot 
than 50 organisms including main 
mals. vertebrates, higher plants, pre 
tozoa. fungi and yeasts. 

George Brownlee and Frederic 
fiunger of (he University of Cam 
bridge (1965) have suggested (hat th 
5S RNA componem is small enougli 
Recently, Donald Brown and hi 
colleagues have purified the 5: 
DNA from both X. hem and X 
muUeri cells by density gradien 
centrifugation and RNA hybridisa 
(ion (Fig. 4). 

This indicates (hat one-seventh o 
the DNA is the gene for 5S and rt 
muinfng six-sevenths of the DN/ 
consists of spacer sequences. Siinilt 
experiments with purified SS DN> 
from X. ffwlieri have shown tha 
only about one-eighteenth of th 
DNA molecule encodes for 5S RNA 
Since (he RNA molecule is of th 
same size in both animals, the diffe 
rence must be due to a much Urge 
spacer region. 

It IS hoped (hat many genes witJ 
a variety of other functions couf 
also be isolated. This would b 
possible with the development o 
more sophisticated method. Wit 
their purificatioo, it will be poisibi 
to analyse their structure and chre 
mosomal location. Then the conirt 
mechanisms that reguUu gea 
action would be clearer. 

SUfeHASH Axot 

as. Kalb 

c/ Adymced SitteUi 
Meena (Jni¥inU 

BCBNOt 


iVClM ifH 


SCIENCE SPECTRUM 


Bionics—the science that 
copies from nature 


OST of U8 are familiar with the 
word elecuonics and with the 
Imoat magical performances of 
lectroris in thermionic valves, tran- 
istors, cathode ray osdllogrtphs, 
ilevision and thousand other ap^ 
anccs of everyday use. But, perhaps, 
lany of us have not heard of bio* 
ics^a new, fascinating and promia- 
ig branch of Kience. ]l is still iu 
;s infancy. 

Bionics is a combined abbreviation 
dr biology and electronics. It studies 
he ekctricat processes and the role 
f electrons io biological systems to 
pply them to the construction of 
imilar mechanical systems. 

The word bionics was coined by 
dajor J.l. Steel of the Aeronautkal 
pace Development Department of 
J.S.A.F. He defined bionics u 
he branch of science which deals 
Mth such systems which work like 
iviog systems or sysUms resembtiog 
hem. As a matter of fact bionics is 
he study of living sysieou found in 
lature for such clues as can be help- 
ul in developing electronic devices 
hat can see, hear and then interpret 
/hat they see and hear. Bionics 
Ims at copying nature, but it is 
astly more difficult to copy nature 
han to control it. 

The first bionics convention held in 
960 was attended by 600 acsentists 
onsisting of mathematicians, eop* 
eers and physicists. The next coa> 
ention held in 1963 was attended by 
000 scientists. At this cooventioo 

model of the frog's eye conUining 
600 light sensitive artifida) cells and 
Iso an electronic muscle booster 
ftn demoostfBled. When a space- 
raft undergoes very high upward 
cccleration the weight of tbe space¬ 


man increases and his limbs become 
so heavy that he finds if difficult to 
move them. The eketropie booster 
comes to hit rescue. TTie bioelec- 
trical signal from the brain, ordering 
a limb to move, is conveyed from the 
limb to the booster, which instanta¬ 
neously operates to help tbe limb 
move itself. 

The network of nerves in most 
living creatures is a splendid organi¬ 
sation for handling different kinds 
of information which arrive from 
different sources. The 'neuron* is 
the building block of the nervous 
system. The neuron is a basic mic¬ 
roscopic electronic circuit elements 
of astonishing excellence. Nature 
has combined and arranged these 
bask ekments'in a vast array of per¬ 
ceptive. analytk. defensive and deci¬ 
sion-making systems packaged neatly 
in a bewildering variety. For 
example, bats. owls, spiders and 
porpoises, c^.,carry ingenuous varia¬ 
tions of sonar-like apparatus for 
steering themselves, and for com¬ 
munication and locating preys. Rat¬ 
tlesnakes possess an infrared beat 
detector of unmatched sensitivity 
for seeking preys at oi^t. Pigeons 
and certain migratory birds have a 
small mechanism, a direction finder 
instrument indeed, that enables them 
to navigate unerringly over long dis¬ 
tances. Tbe eyes and the ntrKl of 
tbe frog are combined in • single 
effective system that screens out all 
detaib except thoae that are needed 
to catch an insect or ward off an 
enemy. The insignificant cockroach 
can detect movetnenU of kss than 
one millionth of an loch. Tbe fly 
possesses a gyroscope which eaabks 
him to keep flying in a straight line 
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at a constant height 
So far as the c^lection of info 
matioD is concerned, tbe researchi 
is looking with inquisitive eyes i 
the hereditary biueprint to be four 
in the gene wbkh contains per uo 
volume vailly greater informaiic 
than that coetaioed in the brain, 
Tbe cells of the living eye n< 
only detect and transmit to tbe brai 
the li^t signals they receive but als 
select and analyse the signals befoi 
transmitting them to tbe brain, 
is believed by bionidsts that by im 
taring the mechanism of its worl 
ing better radar transmitters an 
detectors could be constructed, 
The human e cr has evolved fror 
a sim^ bearing system to a ver 
effickni sound detecting system. Th 
study of the complicated auditor 
system at Radio Corporation c 
America is leading towards th 
construction of eJecironic fc 
computer mKhines which can enabl 
thv 1 to take i'ictalion» obey on 
orders and translate from one Ian 
guage to another. A typewrite 
which can type by dictation has al 
ready been fabricated. 

By studying the eye of the crab 
scientists have been able to constru 
ct a television camera which repro 
duces pkturts very faithfully. Stud; 
of the bee has led to the develop 
ment of better ground speed indicate 
and a better distance indicator. Fo 
designing better aircraft wings aero 
nautical engineers have always beei 
guided by ihe shape and curvatun 
of the wings of certain birds. Scieo 
tists are studying the gills of fishe 
to vicsign breathing devices for diver 
and underwater swimmers. Tbi 
salmon fish is being studied to under 
stand tbe mechanism of the olfactory 
system. The doli^in can swim a 
anastoundiof speed which is believn 
to be doe to a frictiooleas coating or 
his skin. Attempts have been sue 
ccnfully made t > prepare a rubbery 
paste whkh when snseared on ihi 
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uier surfaces of sea and river craft 
educes the viscous drag of water. 
*or underwater commmucatioD the 
olphin uses ultraaonk sound. 
1ieir technique it beiaf copied for 
nderwater commuaicatioD between 
uman beinp. 

Some researchen believe that tbe 
lovements of the rnnscnlar system 
r cal is much superior to the 
lovements of the parts of a bt| 
lachinery. Machines desifncd and 
oostructed by copying tbe musoilir 
ystems of livini beinp arc called 
^berneilc Anthropomoq>hic Ma> 
bines or C.A.M. in short. AC.A.M. 
esigned in this way can travel 
^ith a speed of 35 km per hour with 
ie help of mechanical legs on un* 
ven terrain. 

Workers in ihe held of bionics 
re also trying to find out the me- 
hinism by which the eel fish can 
enerate electricity of hundred volts 
> give a stunning shock to its ene- 
\y, and also the mechanism by 
hich the hrefly emits cold light, 
hey are also trying to understand 
le mechanism by which living crea- 
jres can transform their fuel or 
>od into energy. This will lead to 
te evolution of the bio-electric 


e aerator. 


All biological processes in i^ants 
nd animals are basically electrical 
nd electrochemical procesKs in- 
olving movement of electrons^ heap- 
ig up of eieciroQS, chemica] changes 
iducc j by movingc te ctrons or move- 
tent of electrons toitUled by cbemi- 
il changes. The whole nervous qts- 
smjnctudiog the brain, forms a very 
omplex electronic circuit containing 
illions of circuit units each of these 
nits is a 'neuron*. These units an 


ke switches which lie either open 
r closed and-any one of these swit- 
Kes may at one mooeat be eonncc- 
id to more than hundred sudi 
witches. All signals are transaiit- 
xl through this system in terms of 
VO signals only, yes and no, cor¬ 


responding to switch on and off. 
Computen use the same binary code 
azkd they do all the complicated 
calculations using only two num- 
ben 0 and I. Bui in order that an 
etectf o o ic computer or a Dechanical 
brain can perceive, learn and orga¬ 
nise its own operation, it wiU have 
to use billions of such circuil ele¬ 
ments just as nature uses billions of 
neurons for a similar job. If the 
thermionic valves were to be used 
in such circuit elemenU, the Empire 
State Building would be needed to 
house them and the waters of tbe 
Niatara falls to cool them. Fortun¬ 
ately transistors have come to the 
rescue of soenlists from such an 
unsunnountable situation. Research 
and success in the Md of minia¬ 
turisation of these circuit elemenis 
have been astonishing. The super¬ 
conducting memory cells manufac¬ 
tured iheae days are so imall that 
one biUioo ofthem may be contained 
in a sp ec s of one cubic foot. A com¬ 
puter logic element made in thi» way 
consists of a single piece of silicon 
so small as to pass through the eye 
a needle. Printed electronic cir¬ 
cuits prepared by sputtering method 
are so small that 20,000 such cir¬ 
cuits could be contained In an area 
not larger than that of a postage 
stamp. Yet all this augnlficieat 
mioiaturisation Is iosigniheant when 
cosDpaied with the miniaturisation 
found in nature. The amount of 
ioToniiatioQ cairied per unit v^ume 
of the herediUry btuepriot of tbe 
geoe far exceeds tbe information car¬ 
ried per unit volume of our brain 
ceDs. 

Sdeotkts woriciog in the field of 
biofika have been able to evolve 
arii&aBl neurofl cells some of whiefa 
an called aertrons, memisters, cy- 
betUuus , percqMrooi, etc. They fun- 
ctioa very much in tbe same way as 
the contqmdiog specialised neu- 
rooa in Khiag n e rvo us cyttemt. 

Tbe speed at whkh tbe human 



*'Try fc devise a method by whkh . 
eon oiso shed tears Hke a erocodile.' 


brain can work »i much below thi 
speed at which information must 
received and analysed, decision takci 
and communicated, in order to con 
trol and guide the fasi moving (raffii 
at a modern busy airport or a bu:;; 
highway. The reception, processinj 
and analysis of weather report 
pouring in at a high speed by radi^ 
at a meteorological station, calls fo 
the same superhuman speed. Sucl 
a speed is possible only for an elec 
tronic compuler. In quest of spe 
dal purpose systems for dealing will 
these problems a three prongo 
attack is being made. 

Biologists are seeking essentis 
dues in nature to know how an' 
why living mechanisms function a 
they do. Chemists, physicists, ao 
electronic engineers are compoundin 
Dew materials, creating new ver&atil 
devices that can endow electroni 
machines with abilities comparabl 
to those of living systems. Math< 
matidans are exploring intricate b) 
ways in search of logical patterns fc 
orgaiiiaing new electronic machine 

Paos. M.N. VfijtM 
Patn 
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Odour communication in man 


M ammals in ^enenl tn 
known to posieis« food lenw 
9( amell. [t U used for communica¬ 
ting sexual tutus, individual identi- 
^cation and maternal attraction, 
speculations, whether such a conmu- 
iicatioQ between the znemben of 
to mo sepian species is possible, arise, 
rhere are glands in the human body 
vbich produce substances that serve 
IS olfactory attractaot to other 
mimals; dop can recognise tbcir 
nasters (or criminals) by smelling 
>dours left on his articles. However 
ve can only wonder if we can identify 
mother person and detennine his or 
ter sex by odours. Besides, can ao 
ofant identify his/her mother's 
idour? We can expect a mother's 
)dour arousing behavioural respo¬ 
nses in her infant such as sucking 
novemcDts of mouth and crying. 

^Hky Bale, aweet female 

Michael J. Russell of the Division 
>f Chemical Pharmacology, Univer- 
iity of California, has reported in 
Vature (260. 5551. April 6. 1976) the 
aiults of his experiments conducted 
>0 the above two lines of research, 
n the fint experiment, some college 
tudents, both boys and girls, were 
\ivtfi each a plain white T-shirt 
50% polyester and 50% cotton) to 
vear for 24 hours as ao undergar- 
Dent. They were asked to wash 
hem only with clean water for 24 
lours prior to testing. Properly 
leaigned. the experiment did not 
illow any contamination. The T- 
hirt of etch individual was kept 
eparateiy In a wax-coated cardboard 
ce bucket and the buckets were 
irrtnged randomly. A triiDgular 
lole was made in each bucket with 
he under arm portion of T-shirt 
leariog the hole. 

In this two step experiment, the 


subjects were asked to identify 

(i) the subjects' own T-Shirt 

(ii) a strange male khirt (iii) a 
strange female shirt. In the second 
test which followed within a few 
minutes of the fint, volunteers were 
asked to differentiate between the 
same strange male and the same 
strange female shirts. The two step ex¬ 
periment provided hi^ly ligniftcant 
results, in each case thirteen of the 
sixteen mates and nine of the thirteen 
females answered correctly. How¬ 
ever. though in both the tesu the 
number of correct responses by male 
and female volunteers were the same, 
the individuals who answered correct¬ 
ly were not always the same. The 
volunteers alio characterised the male 
odour as musky and female odour 
as sweet Above studies show that 
at least rudimenUry communication 
of individual identiheatJon and 
sexual discrimination can be achieved 
by olfactory means. 

MatermaJ attractloa 

In 1477. Charles Darwin reported 
that children of an early age group 
may use odours to identify their 
mothers. Some more workers also 
provided preliminary but conflicting 
evidence the I infants may be attracted 
to the odour of their mothers* milk. In 
the second experiment Russel there¬ 
fore investigated, if mothers could 


B AJRA or pearl millet (PeninUe^ 
turn iypMSes) it grown in 
Northern India, Rajasthan. Gujarat 
and Maharashtra, where it forms a 
staple food of the poorer section of 
the people. Unlike other aycotoxic 


identify their infuti (afe 2 day 
2 weeks and 6 weeks) for this purpoa 
The mothers wen asked to put 
while cotton spooge inside the 
brassieres for three houn befoi 
testing. They were also not tllowe 
to feed their babies during thii periot 
Infants while asleep were then suh 
jected to the test. It can be said her 
that sleeping stage was the righ 
time for the experiment, otherwis 
infants would also show responre u 
visual stimulus. It will be difllcul 
to discriminate between the response 
as a result of two different stimuli 
olfactory and visual. 

During the course of experiment 
infants were exposed to: <i) a mois 
clear pad. (ii) own mother's pad, an( 

(iii) a strange mother's pad, all hel< 
one after Che other in a randon 
fubion at a distance of 1 to 3 cn 
for 30 seconds. The investigatiof 
lead to some interesting observatioDS 
For example, (i) among two day ok 
infant only one out of ten made i 
sucking response without discrimina* 
ting between his own and strange 
mother, (ii) 2 week infants showed 
general response to both own and 
strange mother's without such discri* 
mioation and (iii) at 6 weeks of age, 
however, most of the infants respon* 
ded to their own mother's odoui 
with clear orientation and suckinj 
responses. The above results suggest 
(he existence of an olfactory maternal 
at(raction in operation at a very 
early age of human beings. 

Zaka iMAh 


fungi which are 'storage fungi' 
(where fungus attacks the grain when 
it is stored for future use), ergot is a 
'field fungi', i.e.. infection of the plant 
occurs at the flowering stage. The 
fungus Ciavice^/usi/ormish a men- 


Bajra causes ergot poisoning 


SOKNCE SPECTRL]^ 


cr of Ascoinycttes. It infects the 
iv&ry of the flower. Instead of nor- 
laJ healthy grain, the funpl byphae 
roliferate in the female inflorescence 
warhead) of bajra and produce 
ark, spur-sbapcd sclerotia. The 
rierotia are compact tissue-like fun- 
a1 hyphae, with hard thickened 
ind, capable of remaining dormant 
71 long periods during unfavourable 
onditions for growth of the fungus. 
Iiese sclerotia are commonly known 
s ergot. 

In India, ergot of bajra has been 
sported since 1957, though infection 
» not very severe. But recently high 
ielding varieties of bajra were intro- 
uced which are believed to be highly 
usceptible to the fungus. There are 
rports of ergot poisoning from 
Maharashtra and Rajasthan due to 
onsumpUon of ergot*infected bajra. 

In late 1975 an outbreak of ergot 
oisoni ng in humans wu investigated 
y National Institute of Nutrition, 
lyderabad (ICMR. Bull. Vol. 6, 
^0 1). The survey revealed that 
lUt of 14 households in 21 villages, 
0 persons had suffered from poison- 
Dg. Acute symptoms appeared one 
r two hours after bajra meal hu 
een eaten. Symptoms were nausea, 
omiting and giddiness followed by 
rowsioess. *1^ disease lasted for 
4-26 hours but patients recovered 
ompletely. Tht disease was self- 
imeting and wu not fatal. 

Ergot poisoning is caused by toains 
iresent in the fungus. Hiese loains 
re alkaloids of the clavine group 
amely elymoclavine, chemoctavine, 
enniclavine, setoclavine. etc. But 
Ikaloids of ergot of rye and wheat 
re different from these alkaloids as 
bey come from ergotamine-ergoto- 
in class. The toxic ouaifestation 
f oduced by ergot of bajra are also 
iffereni from the ergot of whea and 
ye. But neurological effects pro- 
luced by ergot of all the three food- 
rains are similar. 

The percentage of alkaloid preeent 


in bajra which caused poisoning is 
1.5t to 19.93 mg/100 gm of grain. The 
percentage varies from 20 mg to 
20 mg/100 gm of grain. 

Induced toxicity of ergot on ani¬ 
mals produced drowsiness followed 
by hyperexcitatioD, redness of face, 
weakness and loss of sensation of 
thermal and tactile stimuli in hind 
limbs. This dearly shows the involve¬ 
ment of nervous system. Therefore, 
ergot contamination is important 
both from the point of view of public 
health and bajra production. Since it 
involves nervous system, it can cause 


serious discomfort in bajra eatin 
population. 

Ergot is a fleld fungus and so th 
flowering time of crop is imporiar 
in preventing the crop from ir 
fection. By deciding the corret 
sowing tinie chances of contamins 
tion can be reduced. The infecte 
grain can be weeded out by immers 
ing the grain in salt water (disease 
bajra floats on the surface du 
to lightness). Disease resisianc 
varieties should be sown as a pre 
ventive measure. 

Nisha 6ajp4 


Unique frogs and snakes of India 

T he forests and foot-hills of the other attempts aimed at conservin 
Himalayas in the north and the big and colourful inhabitants c 
Western Chats in the south-west our forests, we are apt to ignore th 
India contain a rich and varied fauna existence of the rarely seen but uniqu 
of Oif country. In the midst of our worm-like frop called Caecilian 
ambitious *Save Tipf Project* and and small snakes, namely, UropelU 
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Tlw owaKtni tre poorly fifurc 

io XOOlO|^Ctl bOOkS AD 

hCBce they tre eom^euly unknow 
to Qoobiolo^stf. 

Mta Newt 

Tbe forttis is And Around Dtije 

Imf And EAttern HinudAyu Are tt 

entrtfortbe lole rt^esentAtive < 

the fiKUAtiDg lizird*(ike frog, TyU 

totritoB. Though tbe ecology of th 

tpecice it aJ»o inperfectly known, 

ti ticne effective siepa Are Uken t 

Pig. 2. Thi Utae Mwt (7>fc*wrfM« vfrrunnmt) protect thie unique frog from deetnii 

f. ^ tioo At tbe bAndi of epedtliste i 

wtedllAne tinny Aod its identity as a frog cad .. . . 

Ceeciliiiu ere tlim, worm-like be estibliihed by the feet thnt its ^ eymea. 

:reBtures confined to forests. They throAt throbs constADtly like a frog's. Ee^h-tilled nekei 
ire terrestriAl and lead a concealed They feed mainly upon earth worms Pew of ut are aware of the existent 

ife in damp earth. They are small and alto on termites and other iosects of beautiful and hamlets inakt 
n size, never exceeding 320 mm. io And srriAll esrtb lAAkes oocAskmAlly. fouod under stones, In deep mudd 
ength. They look like solt snekes They Ait essentially solitAry aniiBats. soil Aid in decAyisg vegetation c 
>r gisnt earih worms for which they tbe forests aod foot*hills of lli 

ire always mistaken. Their eyes are Wcatem Chats. 

'ery small. For a layman, it is It is hitherto believed that the Commonly called rough-taile 

lard to believe that the Caecilians Indian CaeciJians are known by only (Uropelts) because of their peculis 
ire Amphibians as they are neither two spedcs cootained io a single tail which ends in a spiny shield, thes 
lose to frogs nor to salamanders, genus (Ichthyc^his). Tbe preaeot toakes are small, never exceedin 
he liurd-like frogs. Because these day Indian Caedliaiit are referable a foot in length. Shying away fror 
reatures are small, secretive and to as many as 15 spedes in 4 genera, li^t. they lead concealed lives diggin 
imited in number, very little work vix.. lehthyophis, IndotypUus, their way into the soft soil with th 
m their distribution and ecology Uraeotyphlus and Cegeoeophis. wedge shaped head. Obviously th 
las been done so far. 

If carefully searched for in damp 
brested areas, they may be found 
mder rocks, fallen tree trunks, decay* 
ng vegetation or even in mud. They 
an be recognised by their skin which 
s wrinkled, a short tail, and by the 
>resence of minute eyes buried in the 
kin. Another point of identity is 
i retractile tentacle present between 
he eye and the nostril. 

iaWts 

Caecilians never attempt to bite if 
iBodled but they may exude a musky 
ecretioo. On moist ground they 
an move quickly and are difficult 
0 capture. The well known Indian 
raecilian /chihyophh t^utimsua u 
ailed the stieky or slimy caeciUan. 
lut (he fact is it is neither itkky Dor 
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>omted head and Ihe stumpy tail of 
heae creatures are the adaptations 
0 their burrowing mode of life. 

About 44 kinds of these snakes 
lave been described so far from the 
nounlainoui districts of South India 
ind Sri LankA. However, herpeto* 
ogista have paid very little attention 
0 these interesting creatures. In the 
ircumsUnces. it will surprise no one 


young ones. 

Economic considerations and other 
monetary pressures on utilization of 
forest Land have resulted in the 
gradual bearing of huge trees and 
*sholas* which are the main ecological 
niches of these primitive snakes. 
It is too much to expect of these lowly 


evolved creatures to migrate l 
suitable habitat elsewliere and in tli 
process, we are not sure, how mun 
of them could make it or disappea 
from the scene. 

It is time that effective steps ai 
taken by all concerned to prote( 
these harmless and intere.>ittng froj 
and inghei from total destruction a 
they too would contribuce to the ric 
and variegated fauna of our enuntr) 
We should rather consider them a 
our prized possess) on h con side rin 
the fact that apart from Sri Lank 
and W. Ghats, the Uropeltids ai 
found nowhere else in the work 
The forest officials should educal 
the forest labourers about th 
educative and scientific value c 
these rare creatures so (hat they ma 
aol be killed by mistake. An' 
lastly we should realize that with th 
speedy wiping out of forests, lime i 
running out for these rare speciei 

T.S.N. MuaTH 
Asftt. Zoohgii 
Zoolof(ivaf Suriffy of Mi 

Madro 


hat the published work on Uropelts 
las been infrequent and far less 
ompartd with ether kinds of snakes, 
lecause these small snakes inbatHt 
he wooded districts often at very 
ligh altitudes easily escaping obser- 
ation and capture. 

The Uropeltids are inoffensive in 
iisposition. They never make an 
ittempt to bite if handled or irritated. 
Vhen picked up they try to entwine 
hemselvcs round our fingers and 
ovc to be carried to long distances 
0 that position. 

These burrowing snakes are 
ifilliantly coloured, which is an 
inusual feature for their secretive 
labits. They are generally coloured 
ed, orange or yellow, and some black 
orms are remarkable for their iridis- 
enc«. They feed on insects, worms 
nd grubs. They produce living 


Gars and 

I T is interesting to note the 
similarities between Gars and 
the Crocodiles (CarS) 5. ff., May 76) 
Tbe crocodilian evolution is 
believed to date back to a period 
over 200 million years, i.e.. between 
Permian and Triassk. However, the 
oldest crocodilian fossil known to> 
date notPntercfhampsa b<irri<muc\vi 


gharials 

discovered from Triassic beds c 
Western Argentina. Another foss 
of uppermost Triassic, discovere 
in Arizona, was Proiosuchui 
These crocodilians together with fei 
others formed a group calle 
Protosuchia. Protosuchians wer 
moderately small crocodilian) 
around 1.5 m in length. They wei 
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coniemporary lo Ihe giganhc Phytc* 
KHurs, which were strikingly similar 
in appearance lo modem crocodilian^ 
and probably iheir habits were 
crocodilian* like. The similarities 
were in the skull with elongated 
jaws beset with sharp teeth and the 
large body posture. However, after 
the end of Trinsslc, when (he Phyto* 
satirs became extinct, their ecological 
niche was quickly occupied by (he 
then crocodiliunv 

From the Proiosuchian ancestors 
evol ved the Mesosuchians represented 
by forms like Teffosaunnand Steneo* 
uiurus . These for m s I i ved abu nd an (ly 
front lower Jurassic lo (he end of 
Cretaceous. In Ihcse forms the naul 
passage was completely separated 
from the mouth cavity. 

During Cretaceous, two groups of 
idvanced crocodifians- (he Sebaco* 
iuchians and (he Eusuchians arose 
Tom the Mesosuchians. The 
Sebacosuchians line of evolution was 
'cprcsented by forms like Sebnus 
ind Baurusuchus. This line was 
probably resiricted to the South 


American cnrtiinent and it soon 
became extinct. The Eusuchian line 
culminated in ihree groups of modern 
crocodilianS" Crocodiliade. Alligato- 
ridac and Gavialidae. Crocodilidae 
includes the True Crocodiles (Croco* 
dyimt sp. and OsieftiaemuS sp.) and 
(he False Charial (Tomir/oma scMe* 
gefii)’. Alligaiondac includes Alliga¬ 
tors (A/Ugutor sp.) anil Caimans 
(Caiman sp.) and Gavialidae includes 
the Indian Charial (Caviatu gangeih 
cun). 

Tite gharials are exclusively fish* 
eating reptiles inhabiting large rivers 
in the noith of Ihe Indian sub¬ 
continent. They are the oldest croco* 
diltans believed to have descended 
directly from (he long-snouted Telec- 
Maurus. Fossil forms have been des¬ 
cribed from the pliocene deposits 
of the Siwilik hills and Narbada 
valley. Their evolutionary sequences 
follow an elongation of the snout and 
the multiplication of teeth. Pre- 
Miocene GaviaJids from South 
America and Pliocene Gaviatids from 
Africa have al<«o been discovered. 


Breaking up of the Gondwana lar 
is probably the cause for the preset 
day confinement of the Ghatials 1 
India. 

Pisces are primarily aquatic an 
aquatic reptiles are secondarily si 
Some of these aquatic animals durir 
evolution became highly specialize 
fish-eaters by following an elongatio 
of the snout for an easy reach to th 
prey and the teeth multiplication f< 
a certain catch. Such high I 
specialized formi include the Gar 
Ichthyosaurs, Phytosaurs, Charial. 
etc. Due lo their similar mode < 
life these forms have a superheic 
resemblance to each other. Thi 
is what is known as converger 
evolution—development of simils 
adaptive features in differer 
groups in response to the simile 
habit and habitat. The Gars an 
the Gharials look so similar! It i 
also interesting to recall i)r Rehura' 
information (5. /?., Muy 76) the 
some gars are caMeJ aNigsto 
gars attaining h length of ahou 
three metres winch nowadays i 
the normal size for many crocodl 
liani. These and other similaritie: 
between gars and crocodilians. how 
ever, are a mere chance of conver 
gence and they do not oblige an; 
direct phylogenetic relationship. 

Lala Aswint Kt;MAR Smoi 
Bestarc/t Scftaln 
Ghariai Rcseara 
and Conservation Vni 
Tikerpada*759124 
{Orissa 


CflENCZ RFTORm 


AOQun m 



HEWS & NOTES 


Dr. M.L. Munjal 
—an interview 

HE problem" said Dr. Munjal 

1 answering one of my quest ions, 
is not of lack of facilities—unless 
ne wants lo work only on the pro* 
lems of interest to the West—but 
hit of environment, values and 
riorilies." It was one of the most 
iscussed topics in scieniiAc circles 
e was commenting upon-**(he re* 
earch facilities in our country—the 
ine which some scientists lay blame 
n for their low quality research. 

Our looking towards West hinders 
ur progress. U changes our values, 
ur preferences and, as a result, our 
nvironment. "Our scientists do not 
ive a young scientist the credit he 
eserves for his research until the 
^est recognises him: and so every- 
ody does research which would 
[tract the attention of the West'* 
aid Dr. Munjal, referring to the vici- 
lus circle we are in. It becomes his 
ight to say so, for though he is 
winner of INSA young scientist 
ward for 1975, is a member of vari¬ 
es engineering institutes, is on the 
ditorial board and referees of many 
ournals, both Indian and foreign, 
le has yet to step his foot outside 
ndia. He believes in '*goiog 
broad as an equal to bis contempo- 
aries there and not as one of those 
go for 'higher* education**, 
foday, after having gained recogni- 
ion abroad through his publications, 
le is looking forward to a foreign 
rip on sabbatical leave from the 
ndian Institute of Science (I.I.Sc.), 


Bangalore, where he is presently an 
Assistant Professor in the Depart¬ 
ment of Mechanical Engineering- 

Bom on April 4. 1945 in Multan, 
We»t Punjab. Dr. Munjal had his 
schooling and college education at 
Hoshiarpur and Chandigarh respec¬ 
tively. In 19611. he did M.E. 
specialising in internal cemhuslion 
engineering at I.I.Sc. and sub¬ 
sequently Ph.D. while he was lecturer 
at the same institute. One of the 
four sons of an utensil vendor who 
had no opportunity to go lo a 
school. Dr. Munjal has high regards 
for his father. "He struggled and 
worked overtime all his life to spend 
every paise lo give me and my 
brothers good education—his only 
cherished ambition in life'* said he. 
He drew from him the prime inspira¬ 
tion though the encouragement 
came forth from other quarters as 
well. 

Why did he lake up theoretical 
research? “When I look back. I 
think there was something I was 
born with." To provide an evidence 
for this, he has something strange to 
say; **1 distinctly remember that 
before 1 went lo school, my uncles 
used to remark about me—*The 
child remembers his previous birth, 
otherwise, how could he learn so 
much (mostly arithmetic) in so short 
a lime." Such offhand remarks, he 
claims, spurred him to live upto the 
reputation and thereby eventually 
instilled in him a desire to go for 
theoretical research. 

For the past eight years, Dr. 
Munjal has been doing research on 
the control of exhaust noise of 
automotive engiaes and turbojet 
engines; and vibration control with 
specific applkatioo to engines and 
automobiles. “One of the major 
consequences of my research," 
be claims, **ts that exhaust mufflers 
can now be designed on the table 
without resorting lo hit and trial 
methods.** The Indian National 
Science Academy Award for young 
scientist that be received is, in fact, 
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for his contributions lo ‘Noise Con 
trot and Vehicle Dynamics.* 

As regards the best piece of researcl 
he had done to date. Dr. Munjal say: 
it is the algebraic algorithm that hi 
developed for the analysis of lineai 
dynamical systems. “It enables on< 
to write down the sinosoidal respons< 
of any vibrational system, mechani 
cal. acoustical or electrical, howso 
ever complex, directly without solv 
ing simultaneously a large numbe 
of equations,'* he said. How did hi 
arrive el il? “Primarily developei 
by mathematical induction," repliet 
he. laughing, "an outcome of my ol< 
habit of playing with numerica 
sequences." Today, according t< 
him, his algorithm has proved itsel 
a polenlial tool for the synthesis o 
a ftUer. for example, vibration isolato 
or acoustical muffler of given require 
ments. 

“Has he anything to say on Ih 
popularisation of science in th 
country?*’ I asked. “The need c 
the day," said be, “is not populariu 
Ian of acace but ap^icatioo c 
science and technology to run 
areas." But, are our scieotisU doin 
anything of the sort? As be claim 
the ioitiative has already been tr* 
at various institutes including I.I.S 
“Many of us,** he said, *‘have take 
up research projects on fluidyr 
pump, solar energy, biopa plan 
bullock cart, etc.*' 

Dilip M. Salw 




MEDICAL NOTES 


Caution about 
breast injections 

S MALL breasted women who 
want larger breasts should 
ot let any physician inject 
quid silicone into their breasts, 
uch iojections could be lethal or 
auae some complications or local 
fTects. 

According to Drs. Richard Ellen* 
ogen, Rita Ellenbogen and Leonard 
lubin of the Stonybrook Medical 
chool, New York {Joumal of rht 
'.rnerkan Medical Ajsoc/aticfi, 243: 
030S'309,1975)» granules of silicone 
ligrate through the body and enter 
le liver, apart from its presence in 
reast mass where it is injected, 
hey say that silicone should now be 
onsidered as a possible cause of 
ranulomas in a suitable host. 

Since its introduction in 1965, 
imethicone (injectible silicone 
uid) has been known to produce 
mt undesirable side effects. Ini* 
ally it was thought to be well 
)leraled by tissues, while more 
(perieiice and longer In situ observa* 
ons revealed that the substance was 
ot as inert as originally thought of 
nd a few systemic reactions were 
oticed. 

The scientists report about two 
ans-scxual men and i woman, who 
rveloped (following silicone injec* 
ons) adverse systemic eflecti; like 
i(grntian. hepatic disease manifested 
i gnmulonmtous hepatitis, hypo* 
ir ite 0 tat I on and serlou s illness. In 


another case, a woman was injected 
under each breast a sin^ large dose 
of silicone while driving home with 
a friend she became unresponsive. 
She was taken to a hosjntai and died 
ten hours later. Autopey revealed 
greasy fluid at injection sites. Ab¬ 
sorption spectrography revealed hi^ 
concentrations of silicone in lungs, 
kidney, liver and brain in that order. 
Cause of death was due to severe 
acute bilateral pulmoruiry edema, 
secondary to intramuscular injection 
of silicone. 

There is. however, nothing harmful 
about surgical implantation of sili¬ 
cone gel within a tilicorte rubber sac 
beneath the breasts, which hat been 
used for augmenting the breasts since 
1942. About 100,000 such implant¬ 
ations have been done since then. 


I N these days of intensive 
agricultural practices, pesticides 
are invaluable in the promotion of 
farm productivity and protection of 
agricultural products during storage, 
besides their use in the control of 
certain vector-borne diseases such 
as malaria, typhus, yellow fever, etc. 
To avoid the annual damage to 
agriculture by Insects, nouous weeds 
and rodents which is estimated at 
R$. 5.000 crofts in our country, the 
use of pesticides is steadily increasing 
both in tonnage and in variety. The 
excessive use of pesticides is posing 
potential health hazards not only to 
livestock and wild life, but even to 
human beings, either directly or 
indirectly through the food chains. 
Besides, pesticides could have ether 
damaging consequences such as ad¬ 
verse effect on soil fertility and phyto- 
toiidty. They can also interfere 
with ^sired use of soil and water, 
causing major problems of pollution. 
However, serious itwideau as a result 
of pesticide use ate yet to happen in 
lo^a and the total ban oo the use 


without any advene MkcU, The si 
prevents the sdicooe from wa&derini 
The mobiiiQr is apparently whi 
causes the trouMe. Some plasci 
surgeons inject a small amount < 
silKose with a fine needle above 
wrinkle and let the silicone fill th 
crease. 

Dr. Elkobogen and his team clait 
that systemic response of silicone i 
because of its transport by migrator 
phagocytes to the tissues. The cala 
strophic systemic effects of silicom 
injections suggest that considerabit 
research is ne^d. before release o 
this potentially lethal and dehililatinj 
substance for general clinical use 

R. Raohunatha? 

Nashviltf. Tennessee. 372(1 

U.S.A 


of DDT in countries like America 
and Canada is a warning to others. 
It is, therefore, imperative that the 
problems arising out of the increased 
use of pesticides in this country arc 
thoroughly studied to avert the 
ecological catastrophe. 

Production and eossanplioD in India 

The era of synthetic nrganic pestici¬ 
des started with the discovery of DDT 
in 1942. In India, imported formu* 
lations of DDT and BHC were 
introduced in 1947*48. but the 
manufacture of BHC commenced in 
1952. Si nee then t he use of pesticides 
is steadily increasing and the require¬ 
ments for 1975*76 is expected to be 
58.844 ion DCS and projection for 
1983-84 is estimated at 1,49,795 
tonnes. Now 41 products in 
technical grade are being manufac¬ 
tured, under different classes of 
pesticides tad there are more than 
1400 formulations being used in 
India which » about 65 % of the total 
pesticides requirements of this 
eoualry. 


Pesticides in our foods 


^ MEDICAt NOTE^ 


Human beiD|8 are expoaed to 
pesticides during their productkm, 
draulations, packaging* traaa- 
porUtion and appikatioa to 
regetatiOD. These occasions provide 
ppportunity for contact, inhalatioo 
md even ingestion of tbam toxie 
LgenU. In addition to occupatiooaJ 
xposures. entry into the food chan- 
leis of man and his economic species 
nay occur through residues in or on 
sw agricultural commodities or in 
processed or packed food produced 
herefrom. Traces of pesticides may 
>e ingested by the young and old, 
he sick and healthy sod for long or 
hort periods at various ita^ and 
ven throughout the life cycle. Tlus 
ed to the monitoring of various food* 
tuffs in the dHTereot parts of the 
country. The details are diacusmd 
pclow and summarised in the Table I. 

Cereals, poises and ttdr prodncis 

A total of 774 umplet collect* 
d from various sources locfa as 
armor's houses, FCI godowns and 
narkets of Hyderabad, Delhi* 


Mysore,, Ludhiana and Pantoagar 
were aaalymd. Tbirtyfive per 
cent samples were found to 
contain residues of DDT, BHC, 
malailuoA <ft captan. A per* 
sonal commonicitjon from Dr. K. 
Krishnamufthy of the Indian Grain 
Storage institule, Kapur revealed 
that mixing BHC/DDT with the 
grains is a common practice in 
villages around Hapur and Delhi. 


Te^«ntyD^ne samples of different 
oibecdt tod oils from Delhi have 
been reported to contain DDT. 
The cesiduea were very high in the 
mustard oil, sesame <hI and coco* 
nut od while samples from Hydera* 
bad did not contain any chtoriaited 
hydrocarboo insecticide. 

V^rraiiia mi Mb 

Out of 727 samples, as many 
at 514 mmples (71 per cent) are 
r e ported to contain pestiddes. 
At Mysore, all the 300 samples 
of Icaiy vegetables contained 
excessive residues of BHC; 


TaWt 1. 
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II 

5 
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61 
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at Ludhiana 4 of (he 10 origins 
samples contained DDT; at Hyder 
bad 193 of the 32S vegetable sample: 
contairted pesticides above (hi 
tolmnce limits set by the Foot 
and Drug Administration of U.S.A 
The pesticides commonly de(ec«( 
were aldrin, DDT, BHC, chlordane 
endrin and Heptachlor. Residue; 
on fruits was reported only fron 
Hyderabad, where 92 per cent o 
grape samples were found conta 
minated with malathion. methy 
parsihion and panthion. 

hfllk and adik products 

Out of 15 samples of milk fron 
Hyderabad and Pantnagar. 11 con 
tained chlorinated hydrocarbon in 
sectiddes. Analysis of two sample 
of butler have been reported t( 
contain DDT (below 0.$ ppm) 

EV 

Six samples of eggs collected fron 
Pantoagar are reported to contaii 
DDT, while 8 of the 15 sample 
from Hyderahid contained botl 
DDT and BHC, which was highe 
than the tolerance limits laid dowi 
by I be authorities. 

Storage of cUorlaated bydrocarboi 
hmectkidcf body timaes of nai 

On direct or indirect exposur 
of animals and human beings, ih 
insecticides tend to accumulate i: 
their body fats. Studies have show 
that the daily content of DDT i 
meal in our country might be abov 
0.2664 mg. while concentrations c 
DDT in body fat vary from 12. 
ppm to 51 ppm. This level of DD’ 
in human fat is the highest In tfa 
world; the level of DDT indifferer 
countries of the world has been n 
ported to contain 1.8 ppm to 19. 
ppm. (Table 2). However, i 
spite of higher concentrations ( 
DDT, there has not been a singl 
record of any adverse health effeci 
reported in this country. 
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Fabie 2. DDT lo body fat of bmaa 
beia^ In difforeni countries 


rouotry 

Total 

DDT 

(ppm) 

cent 

DDE 
in loul 
DDT 

^usi rails 

1.8 

56 

Germany 

2,3 

37 

England 

3.3 

67 

3ei>iwk 

3.3 

92 

I'artada 

4.9 

67 

laly 

5.0 

64 

^nce 

5.2 

67 

^nchoxlovakia 

9.6 

43 

-Ivniary 

12.4 

48 

srael 

J9.2 

36 

ndia 

12.810 31 37 


^/ITccts of pestkides on man 

The effecU of pesticides on man 
isvc been undesirable and alarming. 
Sometime large numbers of persons 
luve died on eating food conia- 
iiiMated accidentally with pesticides, 
fo mention a few; 3X1 deaths occurr* 
;d in Turkey due locating seed grains 
rented wflK hcaachlorobenrenc; dO 
Icuths in Colombia from eating 
lour ennuminated with paralhion; 
17 deathb in Mexico from eating 
lUgar containing parathion. In 
India, no accurate data arc avail- 
tble on the morbidity and mortality 
rom (he toxicants. However, the 
ccords of health and agricultural 
Icpartments of Maharashtra. Bihar, 
vlysore, Madras and West Bengal 


during the last five years show 
that pesticides have been responsible 
for 690,185.139. 1503 and 889 cases 
of poisoning respectively. Hke 
poisons detected in over 80 per cent 
of cases are parathion, malathion, 
diazinon and endrio. The fatalities 
are generally due to negligence or 
ignorance. 

The absence of shon^tenn effects 
in human beings is no guarantee 
to their long*tenn safety. As 
pesticides have been used extensiveiy 
only in the last two decades, there 
could have been other important 
effects ihai have not yet showed up, 
although there is no basis at present 
for expecting such effects. Some 
disturbing effects could be related 
to the ability to produce cancers, 
mutations and congenital in uttro 
malformations. They are also ca^ 
able of causing impotence, etc. 

Suggestions 

As pesticides a/e vital to the con¬ 
trol of agricultural pesu and vector 
borne diseases, their use cannol be 
discontinued. It is, therefore, 
suggested that one should follow 
strictly the following safely measu¬ 
res so that the benefits of pesticides 
are not dertied on account of tbeir 
negligent use. 

1. Mass education of cultivators 
regarding the safe use of pesticides. 

2. Pesticides should be kept under 


lock and key with labels intac 
AfUr use the empty containers sbouJ 
be destroyed or burnt properly. 

3. Pestickles should be applic 
only in recommended dosages i 
crops when pest population has e: 
needed the economic threshold. i.< 
the level at which a significant cre 
loss may be expected if n< 
controlled. 

4. Cattle should not be allowe 
to graze on the treated crops. 

5. The produce should be harves 
ed after the waiting period is over 

6. Direct mixing of insecticide 
dusis with (he food grains is to b 
avoided. 

7. Consumers should be advise 
to wash thoroughly with water an 
pee) all the vegetables and fruii 
before use, because it remove 
substantial proportion of pesticidi 
residues. 

8. Lastly, provision should \ 
made for the quantitative estim/ 
lion of the pesticide residues i 
various food stuffs and therefon 
It is recommended that all the anal) 
tkal laboratories should be equippe 
with the lateil sophistkaled instri 
roents for determining the micrc 
quantities of pesticides. 

P. K. Gupt 
R .C. OuPT 
Industrial Toxicoht 
Research Centt 
lMckna\ 
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Silk—the queen of fibres 


^ILK is ft Dftlurti protein libre 
J produced by the living iniect. 
it siikworo). It has all the desire* 
le qualities of a hbre like softness, 
trength, elongation, etc. Besides, 
ilk hfts ft bright lustre. It is lighter 
lan other natural hbres, the specific 
ravity being 1.25*1.27. Silk is an 
acetlent insulator of heat, hence it 
1 warm in winter and cool in summer, 
depending on the atmospheric con* 
itions, silk can absorb about 20% 
25 % noisture without becoming wet, 
^hich makes it comfortable to wear. 
Jl these qualities make silk the 
Queen of fibres.*' 

This is the age of synthetic fibres: 
:rylene, nylon, rayon, etc. These 
bres also have good qualities, yet no 
mthetic fibre is equal to silk. The 
Ik filament spun by the worms is 
bout 15;s.20 M in diameter and is an 
ssembly of many finer fibres. Silk 
sveals many threads bundled loge* 
ler when seen magnified many 
mes, but the synthetic or man-made 
bres loob like a piece of rod. 

listory 

The production of silk started first 


in China about 4600 years ago. The 
Chinese queen Ling Shi once 
happened to drop some silk worm 
cocoons into a tub of boiling water. 
Glutaneous substances covering the 
cocoons were dissolved in water and 
silk filaments released. The Queen put 
sevtrmJ filaments together and made 
a piece of silk yam. Shortly, she 
could weave a fabric. It wu about 
120 B.C. when silk was brought 
to Europe and other parts of the 
world. 

India has the unique distinction of 
producing all the four commercial 
varieties of natural silk. These are 
mulberry, tasar, eri and muga. The 
country ranks fifth amongst leading 
mulberry producers accounting for 
over 5% of the total world produc* 
tion. In the 13tb International 
Sericulture Congress held in 1975 at 
Tkrocea, Algeria. India's total pro¬ 
duction of mulberry silk was 2445 
tonnes (1974 figure). It is also the 
second largest tasar producer with 
10% of the global output. India has 
the world monopoly of fabulous 
golden yellow silk 'muga* produced 
In Assam only. 


SOk peodndsg qMdes 

The silk spinning moths belon; 
mostly to the family Bombicida, 
which coDsiiU of the sub-families 
(i) SombycuMt, (ii) Siirumiinat, an< 
(iii) Thoumethopotmat. In th6 Bomby 
rMae sub-family, the most importan 
commercial species is Bombyx mori 
It is a domestic species which produ 
cet mulberry silk. The worms ea 
mulberry leaves and hence the nans 
of the silk. The large and beautifu 
moths of the S^turnUnae sub-famil; 
produce 'wild silk* of commerce 
Antheraea pernyl, Antkerota ywnma 
mat. Antheraea myiiita and Aniheraet 
proyUi produce tasar silk. Attacu 
rkini and Anthtraea ossameruis pro 
duce eri and muga silks respectively 
In the sub-family Thaumethapoti/UH 
the Anaphe species found in Afrio 
is important but owing to compte: 
structure of their cocoons the un 
winding of silk becomes difficult 
hence are not much popular. 

The technique of silk productioi 
by different species of silk-moths i 
interesting. Ji closely resemble 
the life-cycles of the moths (Fig. I] 
We now know that the fife-cycle o 
the four commercially important silk 
moths are more or less similar. 

Ufe-cyde 

fi/erh and laying cf eggs. A femal 
silk moth lays about 300-500 eggs 
After laying, it does not take an 
food and dies within 4-5 days. 

Haiching. The eggs produce 
hatch within ]0-20days under oftturi 
conditions. The newly hatched sil 
worm eats mulberry, oak, sal. assai 
castor, kul leaves, etc. They welg 
about 5 mg and are 3 mm loni 

Larva or matured worm. Tli 
tiny mulberry silkworms feed o 
mulberry leaves whereas the wil 
varieties producing tasar. eri an 
muga feed on other leaves. They slee 
and cast off iheir skins four tinu 
a month. In short, silkworms 
up within a month. 

Spinning. When fully grown, sill 
worms cease to feed and Iheir ski 
changes colour. Their body shiiu 
because at this stage it it filled u 



vith liquid »i1k indic*tifi$ thsi they 
ire ready for ipinning. Rearing 
ipon their hind lege, the eilkwonns 
learcb for a euitable place to weave 
heir cocoons. The mulberry 
vorms can be reared on trays for 
ipinning, whereas the wild worms 
lo the same on food plants. 

Corooir. The liquid silk is found 
n two glands of the silkworms. 
•)ere a reaction called Hransamina' 
Ion* was noted in various tissues of 
hese insects. In addition lo the 
common sources, transamioatioii is 
i key reaction in fflaintaining a 
)a!aAced amino add pool for regu- 
ating protein synthesis from qod> 
>roteiD sources like the keto acids. 
»uch reactions have been demons- 
rated in fal body, alimentary canal, 
nuscle and haemolymph. Siearcbes 
lave revealed that aspartate and 
.lanine-aminolraDsferase enzyme 
eaclioDs are most active, particularly 
n the silk glands of Bcmbyx mori, 
hereby providing an additional 
[uanlum of amino acids to the pool 
or protein synthesis. 

From silk glands, the liquid 
ilk flows into two channds lo a 


common exit tube called 'spinneret* 
in the worm's mouth. As it eraergca. 
the liquid silk hardens into very floe 
fllamenU, coated and stock together 
by a gummy substance called 
'sendo* which comes from two other 
nearby glands. TV silk spun by 
the worm is, therefore, a twin fila¬ 
ment held together in the form of 
a single slraod by the seridii cemenL 
Ehiring throwing of liquid silk, the 
worms rotate tbeir heads back aad 
forth Like the cardinal number fl. 
Graduall), they surround tbemsdvcs 
with a stron^y built co^bon made up 
of a continuous silk strand that may 
be lOOt^lSOO m L^g. The open- 
tkw takes aboot 2-3 days. After 
releasisg the entire silk, the worms 
shrink in size and become wrinkled 
At this stage they are caUed 
*pupae' and reouuD inside their 
cocoons. 

Moth or butterfly^ TV pupae in¬ 
side the cocoons now develop tbeir 
shape and turn into moths or butter- 
flies. It lakes aboot one month in 
summer and three to five uoatfaa 
in winter. The moths finally mcrete 
some fluid on the inner walls of the 


sbcib. TV layer where they thro 
the fluid gets softened They ci 
the layer and emerge out of tf 
co..)oo. After emerging, the feme 
and the male moths mate. Tli 
female moths lay eggs and both Ui 
moths die after 3-4 days. 

and Cooking. When 111 
moths cut the cocoon layers an 
emer g e, the continuity of the sil 
filament it broken into ihousanc 
of short pieces. This makes it ur 
suitable for reeling. The harvesle 
cocoons from whidk moths hat 
Doi cmeig c d are widely used for sill 
reeltngor silk-production. To avoi 
DQwanied emergence, the chrysali 
or pupa is kilkd by heating. Th 
is called 'sdfiiog* which is pei 
fonned inthin a few days of harves' 
in^ of the cocoon. It is done b 
bailing in suohght or in an air over 
Somedmes Mifling is also done i 
boi air or steam. The cocoon 
thus stifled can be kept indefinite! 
without any ippnciable damagi 
It is, however, ^visablc to reel th 
cocoons wrlhir: a few months afU 
bar^ustiikg because Long itorag 
deteriofim rcelable qualities, uU 
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lately tlTectinf tbc techooloficaJ 
iropertiea of the fibre. 

Tht nulberfy cocoon are leocrml- 
f boiled in bot water or ateamed for 


few minutea. Wlb this, Ibc scricto 
ets softened. The soAenini of the 
ericin by either of the treatmenCa 
f both is called *eookid|' which 
icilitates the unwinding of silk 
ilament. The cooking of taaar 
nd mugi cocoon requires more 
oiling or steaming. Sodk additio- 
al chemical treatments are also 
iccded for proper softening be- 
ause the cbmictl nature of the 


^ild seHdo is somewhat different 


rom that of mulberry. The eri 
ocoons cannot be fee ted, as in this 
ase the moths cnt the cocoons 
romptly and emerge causing 
he discontinuity of the filament, 
rooking is mainly responsible for 


proper reeling or better yield. The 
eri, the defective products of other 
varieties like pierced* doubled or 
stained cocoons, and the reebng 
wastes are used as a raw material 
for spun silk. 

After propct cookiog. the cocoons 
are deffossed mecbanically to gtt the 
end of tbe conttrtuous filament. 
Several cocoonsare fed per end of the 
rteiing machine to produce silk yarn 
of a particular thickncsa. These 
yarns art then twisted or doubled and 
used for fabrication to gel the bright 
silk cloth. 

NigASAJXs Cum 
Difuiott of fibre Sciettet 
Awuman Haim 
Diviuott of Nutritioo. Physhhi/ 

Biocheihistfy 
C.S.H'.M.L A^m^ot 
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Surprise in sizes 


^IZE* which we art so apt to take 
J for granted in ourselves and in 
le orgaoisrai around us, ti one of 
be most serious problems with 
'hich evolving life has bad to cope. 

The iarfcst living things are 
he big trees of California 
dth a weight of nestrly 1,000 tons. 
Inhales are the largest animals; 
ome of them wdgb more than 100 
on%. They are not only the largest 
nsting animals but by far tbe 
irgest which have ever eiistcd. for 
tie monstrous reptiles of the secon- 
la/y period nerer weighed inore 
tian 50 tons. 

It is among tbe inoUiiacs that tbe 
irgest inwtehrales are to be fonnd; 
ome giant squida wdgh one and a 
lalf tooa. The nmner-Qp, straagdy 
nou^ Is a huge jdlyfish which 
Its a disk over ima free ncrare 
Ad It lAdfeet Cbicfc. with bolky 


tentacles five feel long binging down 
below. One of these weighs as 
mudi as a good-si 2 sd horse. 

What we might call tbe most 
successful of sll invertebrmtea, the 
ants, hardly ever reach even one 
grarame in weight. Indeed, the 
small size of most insects b at first 
hard to believe. If we buy an ounce 
of fleas, we would have the pleasnre 
of receiving over 80,000 of (hemf 
Nature srenu to have found it 
unprofitable to construct a verte* 
brmte out of fewer than reveraJ hun> 
dred million cells. Within tbe 
groups tbm is great vartatiocL 
It isaeu^rise, forinstaAce,tofind 
a frog that wei^ as mach as a 
small terrier. It is a still greeter 
nrprise to know that there eust 
fidly formed adult mrects—which are 
—**TW than the hsataa ovum. Yet 
they have compound eyca, a nervous 


system, three pairs of jaws and leg! 
veined wings, stripped muscles, an 
the rest! » 

Jt is rather unexpected, too, thd 
the smallest adult vertebrate is nc 
a fish, but a frog; and that the larger 
elephant would have ample cles 
ranee top and bottom inside a larg 
whale’s skin. 

The weight of most land verte 
braies ranges from ten grammes ii 
100 kg. Why is this narrow rang 
so popular? 

A disadvantage in being very smal 
is that you are not big enough 
be out of reach of annoyance by th' 
more inorganic molecules of th' 
environment. 

The molecules of a fiuid-like wate 
are rushing about in all directions 
They run against any object in Hr 
water, and bounce off again. Whei 
the surface of the object is bi; 
enough for there to be thousand 
of such collisions every second, th' 
laws of probability will see to it tha 
the number of bumps on one sid 
will be almost equal to that on th 
other: we call the resulting pressur 
steady average fiuid pressure. 

But when the diameier of th 
object falls to about one-thousandtl 
of a millimeter, it may easily happei 
that one side receives a rain o 
bumps while the other is spared 
The result is that the smallest or 
ganisms are kept in a constant Si 
Vitus’s dance, christened *’Browniai 
movement” after its discoverer, th 
famous ninet6enth<enlury Bnglisl 
botanist, Robert Brown. 

It is impossible, however, simpi 
to magnify an object without chang 
ing its shape -^if you do so, witbou 
meaning to. you have changed a 
its properties. For the surface is 
creases as tbe square of tbe diametei 
the volume as its cube, and s 
the amount of surface relative t 
bulk must diminish with size, t 
big African elephant ii one millio 
times at heavy as a small mousi 
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3ut the amoQDt of torface for each 
of elephaot k oaly one- 
lundredth of what it is in the inou«. 

The most faniliar effect of this 
lurface* volume relationship it oo 
he rate of faJlini. The freater the 
I mount of surface exposed relative 
o weight, the greater the resistance 
if the air. 

if a mouse is dropped down the 
hafl of a coal mine, the aceekra* 
ion due to gravity soon comes up 
igainst the retardation due to air 
esistanee, and aAer lOO feet or 
o a steady rate is reached, which 
crmils it to reach the bottom dared 
lUt unhurt, however deep the shaft. 
A cal, on the other hand, is killed; 
man is not only killed, but horriUy 
nangied; and if a pit pony falls 
lown, the speed at the bottom is 
0 appalling that the body makes 
hole in the ground. 

Relative surface is also important 
or temperature regulation in warm- 
looded animals; for the escape of 
eat must be proportional to the 
urface through which it leaks. 

As heat is derived from the cmd* 
»ustiOA of food, a mouse must eat 
tiuch more in proportion to its 
reight than a man must—to make 
ip for its unavoidable extra heat 
OSS. The reason that children 
leed proportionately more food 
han grown-ups is not only due to 
he fact that they are growing, but 
ilso to the fact that their heat loss 
I relatively greater. A year«old 
laby loses more than twice as ouch 
leat for each kilo of its weight 
ban does 80 kg man. 

The big animal inevitably fails to 
>e a mere scale eolargemept of its 
mailer relative. Everyone knows 

he snull'Cyed look of «n elephant 

ir of a whale. To obtain a good 
mage, an eye has to be of a certain 
ibsolute size; and once this sia is 
cached, any advantage due to fur- 
her enlargement is more than coun- 
erbalanced by the dificulties of 


CDOStniction, just as little advantage 
is to be pined in pbologrei^y by 
making a camera more than full 
plate size. 

Coming back to the advantages and 
disadvantages of size, at the outset, 
it is not until living units are free from 
the frenzy of Brownian movement 
that they become capable of regu¬ 
lated locomotion. The first step 
in size is to beconse so mudi bigger 
than ordinary molecules that you 
can forpi them. 

But even then we are microscopic. 
Only by joining toptber tens or 
hundreds of thousands of cells can 
we make headway apinsi such 
brute forces as currents. Size also 
bnnp speed and power, and this is 
an advantap in exploring the en¬ 
vironment. 

However, even quite small migra¬ 
tory birds replarly travel thousands 
of miles. And think of the nxtpa- 


tion of tiny eels across the Allan ti 
or of baby salmon down great river 
Before a real brain can be com 
tructed, the animal must consist t 
tens of tbonsands of cells. It 
inlelJigence of a ret would be in 
possible without enou^ brain cel 
to outweigh the body of a bee, wbil 
the brain of a human being ou' 
weighs the majority of existio 
animals. 

Man, in fact, is a veiy larp orp 
nisffl. During hit existence h 
multiplies his original weight b 
t.OOn itiiilion, and eventually eoi 
tains about 1000 million millio 
cells. He is a little more than hall 
way up the size scale of mammali 
and nearly two-thirds up that of tb 
vertebrates. 

Mahaiaj K. Kckii 
£>rpar(ment of Chemistry 
University o/ Kashmi 
$rinagisr'J900iX 
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CLUES 



TW RIa (Clockwtoe) 

1. A polyucchinde. 

2. Offtnk ciUlyfl. 

3. The other ntme for *blindiie&s*. 

4. Disability to see diiunt objects. 

5. One of the B^omplex member. 

6. Oxyien leek. 

7. A drug which induces vomiting. 

S. Occurs due to tack of vitamio C. 

Hw Spokes: (TV words beglD froa 

the fWflK ie axle dm No 9.) 

1. One of the two types of bases in 
a nucleotide. 

2. These are one of the formed ele« 
ments of blood. 

3. Slate of increased temperature 
of the body. 

4. One of the fluids found in the 
inner ear. 

5. Otherwise called salivaryamy- 
lose. 

6. The 'Master gland' of the en* 
docrine system. 

7. Hiis bond is fourKi in protein 
linking two amino adds. 

4. Nervous affliction marked by 
loss of motor or sensory func¬ 
tion of nerves. 


O. N. Lamhuikakayan 
Ctfimtaiore Medical Coliege 
Colmbeforfl4 
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Electronic score board 


r HE Cenlral ScientiSc Imtni' 
menu Organization, Chandigarh, 
developed an electronic score 
loard. The complete system consists 
luinly of two identicaJ electronic 
core display boards, and a portable 
onirol desk located at the central 
lace. The data is entered and coq« 
rolled through keys fitted on the 
esk control. The score board 
ontains 168 multiple alphanumeric 
haracters of three different sues 
7}* A 6* high, SO that one can 
Bsily read from a distance of 
bout 200 meters. Each score 
card displays simultaneously tbe 
ames of four teams, their countries 
nd the running scores, as well as 
ither the previous five rounds or 
rts or ten fouls for each team, etc. 


In addition, each score board also 


dis|days cither the game time or tbe 
1ST time in hours, minutes and sec* 
onds. Each digit could be erased 
or rewritten without disturbing tbe 
other digits on tbe display boards. 

Design of the system is based on 
the latest technology and devices. 
It uses semiconductor memories for 
storing data, ROMs (Read only 
Memory) for character genereiioo 
using 5x7 dot matrics display (35 
elements for one character). The 


system makes use of 14000 transis* 
tors and diodes, and about 1000 
integrated circuit chips (ICi). 

The system, which is first of its 
kind in Asia, is quite comparable 
in technology, reliability and much 
cheaper to the one available in the 



FJsetrodc start Seard <Dlfplay «it) 

developed countries. Tbe systei 
would have wide applications f< 
the display of arrival and departuj 
of trains at the railway station! 
flight numbers, arrivals an 
departure, of aeroplanes at t>i 
airport; production schedules in fat 
tones; and for tbe display of in 
porttnt news m publishing housei 
This will have extensive expoi 
potential. 


Radome 

T he National Aeronautical Labe 
ratory, Bangalore, has adiievci 
a falrdegree of competeoce in thi 
design, development, fabrication am 
installation of radomes. The cap* 
ability built over the past decade 
covers a wide range of sizes, sbapei 
and types of radomes, for a variel) 
applications. 

Radomes are protective eoverini 
structures used for protecting redan 
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itid other electroma^iic devices 
Vom atmospheric and other ele> 
nents without seriously aflectinithe 
electromagnetic characteristics. NAL 
ia$ mainly been involved in the 
ievelopment of radomes for Cyclone 
Warning Radars and Air Traffic 
ronlrol Radars. These are trunca* 
:ed spheres in shape and 6 or 17 
meters diameter in sire. 

Geodesic dome construction of 
3utiding a spherical structure by 
issembling a number of triangular 
Hemeots has been used. The sires 
>f the triangular elements were arri* 
bred at after considering the struc* 
;ural and electromagnetic require* 
nents» which are generally conflict¬ 
ing in nature. 

Structurally, these radomes have 
)een designed for wind loads upto 
SCO kmph, and ice loading upto 
19.6 cm thick on the top. 

The important electromagnetic 
‘equirement of keeping the atlenua- 
:ion due to radome within 0.7 dB 
las been maintained. 


The strucluraf design incorporates 
the use of rib moulded panel const¬ 
ruction stiffened with high tensile 


steel stripes. The FR? panels ire 
pigmented while for better weather¬ 
ing properties. 



IONOSPHERE {Conu'nutd from page 46d) 


tsetf fully: much of it still remains 
hrouded in mystery. Man*s 
^essant attempts at unravelling this 
nyslery are, however. In progress 
ill over the world and the day is not 
ar off when he will have a clear 
cDowledge of the ionosphere. 

^■rAcr reading 

. Bennington; T.W. <J9S0), Skerh 


2 . 

3. 

4. 


wove Rodiu a/tJ fhe iofterphert, 
IlifTe A Sons Ltd « 

Beynon, WJ.G. (1962), Motto- 
graph 00 looo^heric Radio, 
Elesvier Publishing Company. 
Bugoslavskaya, N.Ya. (1962). 
Solar actifity and the Ionosphere. 


Pergamon Press. 

Davies, K.A. (1966), looospherfc 
Radio Fropogatioo, Dover Pub¬ 


lication Inc. 

5. Milra, S.K., 7^e Upper Atmos^ 
phere. 

6. Ratcliffe, J.A. (1962). Physics 
of ike Upper Atmosphere, Aca¬ 
demic Press Inc. 

7. Terman, F.E., Eiectronic and 
Radio Engmeering, McOraw-Hill 
Book Company. 
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NDIA: THE ENERGY SECTOR, 
y P.D. Henderson OKford Univer 
ity Press. (1975). Pp XIV+I9I. 
Is 30. 

E nergy is everybody's concern. 

at least the communication 
ledia have strived hard to make it so. 
lut there are not very many books de¬ 
ling with this subject yet. However, 
fiere is a danger that the expectations 
r some of the readers may not be 
ulfiUed as the contents of the book 
re not so comprehensive is the title 
uggesU. The book is an extended 
ersion of a report which Prof, 
iendenon prepared for the World 
lank. He has collected a consider- 
ble amount of statistics concerniog 
he energy use in the immediate past 
nd present, and a forecast of future 
leeds in India. The rearrangement 
>f the data from various published 
nd unpublished sources into a 
mall, compact and readable volume 
i purposive and useful. Never- 
heiess, it leaves much to be desired 
s it mainly deals only with the 
ource of commercial energy sped' 
cally coal, oil, gas, hydel and 
luclear energy, and one of their 
erivaiives, namely. electricity. 

according to the hook, the estimated 

hare of the commercial energy 
icreased from 32 to 52 per cent of the 
3ial energy consumption in the 
criod from 1953/54 to 1970/71. 
*his means that the noncommercial 
ource of energy; firewood, charcoal, 
ow-dung, vegetable waste, etc., which 
oes not form part of the recorded 


commercial transaction. Still remain' 
ed a Urge source of energy. The 
absolute value of tbe coal replace- 
jneot weight of tbe Doo-commercial 
energy source has even gone up 
with the time. 

While discussing the distributiott 
of energy resources, the author 
points out that it is well balanced 
by nature across the whole country, 
e.g.. Bihar and Benpl, which have 
plenty of coal supply do not have 
much of oil or hydel sources, while 
the North Western and Southern 
Slates which do not have coal are 
richly endowed with hydro power 
potential. Tbe North Eastern States 
have plenty hydro power and some 
oil while Western States Maha- 
inshlrt and Gujarat, have oil in 
Bombay High and Gulf of Cambay. 

The deKfipiioB of the various uses 
of energy it quite interesiing. The 
absolute amount of energy consumed 
increased more than three times in the 
period 1953-54 to 197(^71, while the 
percentage shares of the various 
components of energy sources, viz., 
coal, oil, and electricity, changed 
considerably. The rate of growth of 
agricultural consumption of electri¬ 
city in the decade (1960-61 to 1970-71) 
was over 14 per cent per annum. 
Over one quarter of the Indian 
villages were electrified by March 
1974 and the number of irrigation 
pump sets and tubewells had risen 
to almost two and a half million. 
Then there is the disturbing obser¬ 
vation that total commercial energy 
consumption increased during the 
decade at a considerably faster rate 
than national product. This was 
corroborated from the fact that the 
overall energy coefficient rose from 
0.57 to 0.8 units per billion rupees of 
vatoe added. This raises an impcf' 
tant question. Is tbe increasing 
mechanization in the industry a 
measure of wasteful uses of energy? 
There u no attempt to answer such a 
question in the book, nevertheless it 
keeps coming to reader's mind as the 
power industry is highly capital 
intensive and has grown in I ndia at an 


extremely rapid rate. e.g.. for tii 
Fourth Plan period as a whole, tk 
estimated share of power was ovt 
one sixth of the total outlays. 

Tbe author has discussed the origi 
of power crisis in tbe recent yeai 
in some details. He finds that Ik 
reasons for not attaining the targei 
were delays in civil works anddeliver 
of power equipmeotsand inadequac 
of addition to transmission and dii 
tributioD facilities. The low rair 
fall and slow snow melting added l 
these difficulties. Add to these it 
mismanagement in the coal induslr; 
which was least documented amon 
tbe other power industries. The 
spent less than C.5 per cent of tk 
industry's turnover in research an 
development, which in view of tk 
prospective expansion of productioi 
and the problems that need invest 
gation was very low. The national 
sation of the coal industry woul 
certainly improve the lituation as i 
seen from the post-script of the bool 

Considering tbe importance < 
oil the author says that there is 
great scope for increasing the eff 
ciency with which tbe fuels at 
consumed and for substituting coi 
or electricity for petroleum pre 
ducts in a number of uses. H 
emphasises the case for reducin 
dependence on oil on the ground 
of cost saving and adds that thi 
case is valid quite apsrt from an 
rteed to improve the balance c 
payment. On the other hand, h 
finds that India is not a heavy consi 
mer of petroleum products in relt 
tion to its total national incomi 
Even the four fold increase in o 
price since 1972/73 would come t 
about 2 per cent of the GNP. I 
the ONP were to grow at the official! 
projected rste. i.e.. 5.5 per cent pt 
annum, the loss arising from dearc 
petroleum imports would be mad 
good in less than six months. Hon 
ever the actual rate of growth i 
the past few years have been we 
below this figure. At present. Indi 
meets 30 per cent of its oil consumr 
tion from domestic sources. Th 
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uthor pinpoints the feet thftt too 
luch should not be expected from 
he cuts in the use of oil, as a reduc* 
on in petroleum coosumptioo is 
niy one of many possibilities that 
m be effected for energy savings, 
le feels that beyond a certain poiat. 
'hich is not easily deteraioed, 
irect limitation of oil imports 
ould affecl production and capacity 
3 export. 

About the possibility of using 
Dlar energy the author deliberates 
hat in the present state of technical 
nowledge, the growth of trees for 
re wood is probably the most effec* 
ive use that can be made in India 
f solar energy as a source of fuel, 
t typical econoDiist'i view! 

The author has a number of sugges- 
Ions to offer on the problem of plan* 
ing and practice in energy rector, 
ince no systematic quantitative an* 
l> sis of the experience of tbe past in- 
estnent projects exists, the estimates 
f future capital expenditures for 
rojects are ol^en based on formula 
alculations, which may bear little 
slution to what has actually happen* 
d in the past. Hence the author 
uggests (hat a full system develop* 
lent study of the power industry 
1 India should be undertaken. He 
Iso proposes that to simplify exist* 
ig administrative relationships 
nd to enable the power system to be 
lanned on a national scale, the 
ssponsibility for gtoention and 
ulk supply be assigned exclusively 
) the Centre, leaving distributioA 


only as the responsibility of the 
Sutes. 

In the author's opinion tbe rite 
in oil prices has made little difference 
to the energy aituatioo in certain 
respects; became many of the current 
problems of the energy sector are 
internal to India and arise in connec* 
tion with tbe supply and distribution 
of indigenous fuels. Heoce he 
advises that so long as chronic 
energy shoruges persist all energy 
products should be made more 
expensive in rtUtivc as well as in 
absolute terms in order to promote 
greater economy and efRciency and 
to ration the demand for energy pro¬ 
ducts. This would also enable the pub¬ 
lic enterprises earn large surpluses. 
Reader may ask: Will that make 
equidistribution of social benefits 
derived from energy use any easiert 

K. Chanokakak 
Depanmettt of Physics 
Vni¥<rtify ef 

Jaipur 

LETS DISCOVER SOCNCE 
by David Horsburgh, Oxford C/nA 
rtrsity PrrsSy Delhi. Pp. 90. 

S CIENCE attracts few children, 
and technology fewer. Children 
are more attracted to fiction, because 
it a rouses emotion in them. Visuals 
too attract them because they are 
fascinated by the figures and coloun. 
Science, unlike fiction, does not 
arouse emotion; hence, is a poor 


stimulant to a diild's mind. 
someties all over wint to produc 
excellent ideDtists and technologist! 
ChiJdfea find science heav^ becaus 
it is based on concepts which mus 
be explained. A child very often find 
these exercises boring. Sdence an 
technology, therefore, should b 
made attractive to children by no 
teaching them coocepls, but makin 
them partners in simple experi men it 
The child sees the illustrations, coll 
lects a few articles and fabricates \ 
simple device to do some work. Thi 
method interests a child. He thei 
finds science and technology a 
stimulating u fiction. 

David Horsburgb has done ai 
excellent job of making science am 
technology an attractive subject fo 
children. In the five volume 
l^t’s Oiscopsr Srienct, tbe autho 
has tried to provide buk skills b 
children on science and technology 
The experimenu are well illuitraiei 
and well printed. A child of Vtl 
grade will have no diffkulty in gras 
ping the languge of the books. Thi 
author does not teach *'concepts o 
sctence", he merely invites them t 
experiment with simple objects, ani 
enjoy the thrill of working wit] 
simple devices developed by diil 
dren themselves. 

The books are an excellent addi 
tion to scientific literature for chil 
dren. At the end of each series 
there are notes for use of th 
teachers. The books are moderate! 
priced. 
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over 23 centuries 


Such masterpreces are common 
in classical objet d'Art 
but not in the field of 
Laboratory Chemicals. 

The specification of 
Laboratory reagents stays a 
masterpiece of laboratory science 
only for a year or two. 

The demands of ever-changing 
modern science and technology 
are so exacting lor continuous 
progress that only a company 
of progressive tradition and 
status can dare to meet them. 
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DL technobgy takes 
us on to tomorrow. 


Oxygen is the breath of life. To the 
Medical Wing of lOL it is a commit¬ 
ment to produce the best and the 
latest in anaesthetic and resuscitatoiy 
aquipment. To supply the purest medi- 
:dl gases to the country's hospitals. 

lOL technology doesn't mean 
ndustrial gases alone, but the most 
ehable anaesthetic equipment and 
incillaries available to the medical 
profession today-^humidifiers. nebuli- 
:ers. flowmeters, pressure valves, gas 
nan (folds, emergency oxygen resusci- 
atofs—IOL technology keeps bringing 
he latest international developments 
ind innovations in medical equipment 
0 Ir^dia. 


1r> fields as diverse as steel-making 
ind food preservation, metal joining 
ind fertilisers, alsctronics and anaes- 
hesie, space rocketry and pollution 
iontrof—lOL is working today to 
levelop the technologies the country 
vill need tomorrow. 
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Sulphw for ploBtft 


Sir, Th&nks for the Article 5iriphir 
ror pUM by N.S. Dhilloa Aod S.S. 
Blunder (S.K. MArch. 1976). 1 ««Dt 
to add that organic lulphur is made 
ivailable to plants through biologiciLl 
>xidation. Sulphur U tramformed 
rrom the organic form to the 
sulphate ion by the activity of certaia 
nicroorganisms. Plants absorb the 
jlement in the form of sulphate ions. 
Fintly, sulphur is oxidised by toil 
nicroorganisms. Orgaaic sulphur is 
»xidised both by soil microorgaoisms 
lod sulphide minerals such as ferrous 
ulphide. Id soil where good aera- 
ion, moisture and suitable tempera- 
ure are available sulphide can be 
hemically oxidized to eleoMota] 
ulphur. Eleinental sulphur is then 
xidised to sulphate by sulphur 
acteria. *nus was demonstrated by 
Viklander ai as follows: 


FeS+H^+iO,-^Fe (OH),+S 

'be sulphate ion is taken by plants 
s replMiog hydroxyl ions in clay 
liner^s, a process known as anion 
xcbange. 


IC-S- Yadav 
Ikpn. of Botany 
D. S. CoNegv, Aligarh 

psHty Boa^ceaiervatiea 

Sir, About Parity Mt<MierTatta 
Bd weak hrtnctioas by Tapash 
Ihakraborty (5 R. March, 1976), I 
ould like to add the following. 

In the experineot conducted by 
(me. Wu and others, for lining up 
le spin of beta emitting nuclides, 
e sample was actually cooled to 
’ K. by liquid helium and further 
d below 0.01 K by adiabetk 


demagnatuation prOceu and hot to 
0.01”C as mcfitiooed. The deters 
mining of beta partide emi»ioo more 
in the direction opposite to that of 
the nuclear spin is experimatally a 
difficult feature. This was solved 
in^iously by Mae. Wu etal.hy 
exploiting the areymetrk g«w>ma 
emission when the beta spins are 
lined up. ^ 

R. Radhakushnan 
Madras Christim CoHegt 

Madras 

Ak peflu tk a mk 1 h| ffiMuaca 

Sir, My attention is drawn to the 
article Ah peBedae aid \mg dtosaaes 

(5.R. January, 1976, p. 9). Earlier, 
PoUatlee by peiticMea by H.C. Joihi 
{S.R. October, I97S, p.492); Effect 
^ polMee m weather by P.S. Hari- 
harm AyyarC^.R. Nov., 197^, p. 519); 
and Some eaviroosMUUl p^utMti 
by S.N. Sinhs and P.R. Mitre (S.R. 
January, 1976. p. SI) were described 
in series. Now the coounoo pollu¬ 
tants like carbon monoxide, sulphur 
dioxide and others have found |dace 
in the recent article on air pollution 
and long diseases, but unfortunately, 
bow carbon monoixide has Wd to 
death of the living being due to 
suffocation wu not well brought 
out. 

Usually, haeooglobio which con¬ 
tains iron picks up readily oxygen 
in the lungs to form oxy-haemogiobin 
In which oxygen is loosely held to 
the iron atom In the baetttoglobb. 
The cycle of oxy-haemoglobiD trens- 
portation from the artenes to the 
capillaries and then to tissues 
contiuues. But, if carbon monoxide 
present in the air is inhaled, no oxy- 
haemo^obin is formed. Haemoglo¬ 
bin now combines with carbon moxH 
oxide to form the carbonyl compound 
which is about 400 times more 
stable than oxy-haemo^bjn. Once 
haemoglobin combines with carbon 
monoxide, the oxygen trensp<irU(ion 
cycle is no longer pos^iblt That 
explains the ultimaie decay of the 
living being by moans of suffocation. 


la heu c^eauftiy plays a vital ro 
ia eoviroomeiRal poUudon, 

P. C BHATTACMAan 
y/dyasagar ColU\ 
S9, Smkar Ghosh Lai 
Ca/euttO’TOOO; 

Npayu (S.R. Peb,. 1976} 

Sir. Will there be any bad effe 
on our body if nw latex (one < 
two drops) is coatinuoudy swaUowr 
with water over a long periot 

SWAPAN KJU BaNEUI 
Kamangaria (H^.B 

Such studies have not been ma^ 
00 bumsD system. It ii difficult t 
predict about precise effects of tli 
latex on millions of reactions takin 
place in our body. Howeve 
latex of papaya is krwwn to improv 
appetite and correct the malfunc 
tioning of liver. It hat a goo< 
effect on a person suffering fror 
jauztdice. 

D,K. /An 
Deptt. ^ Bourn 
Meorut ColUgt, Mttru 

PM crib [S.R. Maith, 1976) 

Sir, The author compares fuc 
cells with tecoodaty batteries ant 
mentions that in fuel cells 'thi 
fuel and oxidant are all gaseous’ 
This is not correct arai greatly limit 
the potentiality of the highly effiden 
energy source of tomorrow. Fue 
crils using hydrazine (liquid) asAie 
are well-known and the first practi 
cal fuel cell experimented byOawalc 
used carbon as fuel. Similarly 
Uquid oxidants like hydrogen peroxidt 
or chbrine can be used in fuel cells 
Methanol is alio being tried aa i 
furi. India, a major sugar producing 
country, has plenty of molasses 
from which alcohol is produced. 
Akchol can be used os a fuel. 

Other than the advantages mentio¬ 
ned by the author, I would like to 
Add J.O’M Cockris* words: ”Ths 



^luable hydrocarbon store of 
Bture "oil, coal and natural ga$’ 
)ukd be used to clothe and feed 
tie third of the population which 
t present suiters from malnutrition 
nd wtiM, instead of burning them 
> gel energy/' Fuel cells provide 
)t solution. 

O. JOTHINATHAN 
Mftollurgy Depn. 

Indian Institute of TtcK 

Madras 


Anlmai laigratloa 

Sir, In Why do aaimils migrate? 
y fi.B. Jana {S.R. March. 1976) 
othing has been mentioned about 
ying ducks which migrate to 
.ashmir valley in winter months 
om as far as Siberia. 

How migratory birds find their 
ay is one of the great omitbolo- 
ical mysteries. How do the birds 
eep to their course that stretches 
lousands of kilometres across the 
^ntinents? It has been theorised 
sat the birds carry a mental map 
f the landscape they fly over and 
smpensaie for wind drifts by conti* 
uously checking with what they 
X below. Other theories suggest 
iehera ‘'wind sense" or a bio*inertial 
lechanism possessed by the birds. 
!* the latler were true, the birds 
ughl to be able to make equally 
orrect compensation while flying 
ver the sea as over land. But, 
pparently, they do not. 

An answer to this inability has 
ten provided by two Swedish 
rnfthoiogists T. Alerstam and 
'.Patterson from Lund. They used 
adar data to study the flight paths 
•f cranes, wood-pigeons a&d red- 
rings over both land and sea. It 
eenis the birds do follow a visual 
rack and line up with the wave 
latterus and irregularities In the 
ame way as they do with land 
^turrs. But because wave patterns 


are not fixed (due to the sea*s motion), 
the birds fail to achieve complete 
compensation for wind-drifts while 
flying over the sea. 

Mahakaj K. Koul 
2. Sanat No^ar, iS/nuigor*/90Q05 

II 

Sir, Why do aaiBals migrate? 
{S.R. March, 1976) by B.B. Jana was 
a good article, though it contained 
some inaccuracies. 

During migration, some birds fly 
at a speed greater than SO km per 
hour. Speeds upto 94 km have been 
reported (Carthy, 1956). 

Gulls migrate not only lo their 
favourite lakes but they do so mostly 
to the western and eastern seaboards 
of India. They migrate not only from 
Mansarovar in the Himalayas but 
also from many other lakes in the 
Himalayas, and from Tibet and Lada* 
kh (Salim Ali, 1972). Flamingoes 
do not migrate from Mansarovar 
as reported, but are resident in 
India. Migration from outside India 
takes place on a small extent (Salim 
Ali ei at.. 1968). 

India has a number of cuckoos, 
both resident and migratory. Only 
orK species, the ^ed crested cuckoo, 
Clamatcr jacobinus sanotus. is a 
vistor during rains, presumably from 
Africa (Salim Ali, 1972). This is the 
legendary species eulogised in many 
songs as rhattAo. We receive this 
bird in the New Forest area in Dehra 
Dun. Never has it been observed 
laying eggs in a crow's nest as js the 
usual habit of a different cuckoo. 
kotl. Eudynamys scolopacea. It has 
been found parasitising on the nests 
of common babblers. 

Altitudinal migrations occur in 
many mammalian and bird species of 
India in the Himalayan region. For 
instance, the Himalayan black bear 
migrates to heights of upto 3660 m 
and comes down to comfo/table 


levels of 1525 m (Prater. 1971) 
We receive at Dehra Dun a number o 
Himalayan birds during their couru 
of altitudinal migrations; for ex 
ample, Himalayan tree pie, whistlinj 
thrush, etc. 

Population of bison {Bison bison 
is not in millions as reported but i 
less than a million now. 

Shailendka SINH4 

Lecturer in Forestry end WUdHj 
Indian Forest Colteg 
PO New Fores 

Dehra Dun^2480B 

Ncem as a raedklaal pinut 

Sir. I read the article Neem ai 
mcdidAal plant (S./I. February. 197t 
with great interest. The review coo 
tained the work of S.P. Basak an 
D P. Chakraborty on the isolatioi 
of beta-sitosterol and quercetin fror 
the green leaves of the plant, quet 
cetin being associated with anti 
bacterial and anti-fungal action. Un 
fortunately, neither there was men 
tion about the constituents of Ih 
trunk bark of Melio azadirachtc 
Linn, (called neem) of current inte 
rest nor there was any provision fo 
the contribution oft he other chemisti 
Khuda etai {JtCS. 1940, p. 189), Sei 
and Banerjee (JICS, )93t. p. 773] 
to the field. Nimbiof, a keto pheno 
lie diierpene (m.p. 250*C-257'*C 
chemical formula wa 

found to be present (Senguptaer al. 
Tetrahedron. 1960,10,45) along will 
sugiol, a 7-keto ferruginol in th( 
alkali soluble benzene fraction. Be 
cause of considerable interest on th( 
phenolic diterpene, the present worl 
should cover the contribution 0 
tbe chemists on the investigation 0 
bitter principle of the neem oi 
explaining how diabetes is conlrollei 
by the use of the latter. 

P.C. BH ATTACKAlYY. 

Vidyasagor Colleg 
CaIculta-70000 


EPTEMBER 197* 


$17 


SQENCS BEPORTI 


Planets and 
their positions 


OCTOBER 1976 


.iOZIMOHHAtlOw 



putmr 


■OUTHHDRIZO** 


MAOMTUOU 


MOCAf 


UULS ^ TM 

• • • * * '^f//isr^mrexMi^ 


The nukon 

F UU. moon occurs on 8ihat 10-25 
A.rn. 3nd new moon on 23rd at 
0-4C a.m, I.ST. The moon passes 
bout a decree south of.I u pi ter on 
2ih. six degrees south of Saturn on 
8fh, about three degrees south of 


Mercury on 22nd and four degrees 
north or Venus in the evening of 
25th. The lunar cresenl becomes 
hrsi Visible alter the newmoon day 
in the evening of 24th. 

The nKxm is ai apogee or faribesi 
from the earth on liKh and at perigee 
ill nearest to it on 23rd. 


Solar eclipse 

There will be a total eclipse < 
the sun on 23rd. The eclipse wi 
be visible in parts of southern Indi 
and Sri Lanka as a partial soU 
eclipse. 

Tbe planets 

Mercury (Budha), a morning sta 
rises about an hour before sunr)5 
during the first three quarters of th 
month. Thereafler, it is too nee 
the sun to be visible. It becom< 
direct on 1$1 and is at the greater 
we>tcrn elongation of about I 
degrees from the sun on 7th. I 
moves from Leo iSimha) to Libr 
{Tuh) through virgo (Kanya) b 
direct motion. Its visual mugnitud 
varies from -h0,9 to —1.0 

yertus (Sukra), an evening stai 
sets about one and a half hours afte 
sunset during the first half of th 
month, and about two hour.« afte 
it during the second half. It passe 
about three degrees north of th 
sur Ante res {Jyestha) on 28th. } 

moves from Libra (TV/o) to Scorpj< 
{Vrischika). lu visual magnitude i 
about —3.4. 

Mars (Mangala), is loo near tK( 
sun to be visible during the month 
It is in Libra {Tula). 

Jupiter (Brihaspati) rises abou 
two and a half hours after sunse 
during the hrsi half of the monel 
and about one and a half hour: 
after it during the second half. I 
is in Taurus {yrisha). .Its visua 
magnitude is about —2.3. 

Saturn (Sani), visible in the morn¬ 
ing sky. rise« about one hour aftei 
local midnir i during the hrst hai 
of the month and about half houi 
after it during the second half. H v 
in Cancer (Karkata), its visual 
magnitude is about H*0.5. 

(Source: Nautical Almanac Unit 
of the Mcieofologicil office. Aliporc 
Calcuiu-700027.) 


\uroras do oot appear in the 
ikies of the regions where 
wost people lire. Even today 
not one theory accounts for 
ill aurora] phenomena 


LARGF v:»rlety of colourful 
n net urns I scenjrios often 

ppe^r on the hi^h-latMude upn|r 
irnosphere <100*400 km) ii> both 
leinisphcrc^, They sre eom- 

lonly termed as draperks. rihbon&. 
on>o^encou}i quiet arcs, rayed bands. 
>lds. loops, patches, and surges, etc. 
ui they oi\ come under the domain 
r aurora. 

Attlioujih aurora is visible to th^ 
uked ese only in the dark hour^ it 
i. m fiict. H enniinuousiy occurring 
hvnomenon of the earth's environ- 
lent. The shimmeringand flaming of 
his natural phenomenon in different 
hascs can be seen over the 

olar night .sky. It is rather 

nforlunati; ihm such vigorously 

eauiiliil of nature do 

of nppciir in tl>e region where 
>osi people on the earth live. For 
ns rc;isitn. perfenps. the true *glohar 
:ient)nc citopemtion and apprecia- 
on rf ihe auroral phenomenon had 
eked for tf long time, and the early 
ttcmpt.s to unfold its mysteries were 
riefanij sketchy until more intensive 
id coordinated ICY <International 
eophyvivnl Year) programmes were 
unched m the Lite fifties. 

istnrrcal backgf'Mnd 

Auroras have been studied and 
ported since the early 1600 by many 
uropean workers like M. 0:issendi, 
Hulley. D. Mairan. E. Loomis, 

' Friu, K K. Birkdand, C Stornier 
nd E,H. Vestine. However, within 
ie last two decades alone, a ircmen* 
ous amount of research has been 


done which Has led us to a better 
understanding of the auroral pheno¬ 
menon. The research was carried out 
by the use of ground-based aIJ-sky 
camera photography, photometric 
and spectroscopic observations in 
combination with the infomution 
acquired through sensors and detec¬ 
tors flown in aircrall, rockets and 
artiftcial saulMies. The mapping of 
the entire polar region thereby reveal¬ 
ed a great multitude of auroral 
forms and types. The auroral 
morphology is now more properly 
understood. 

Auroral oval 

An imponaui brge-scale feature 
of Ihe aurora] studies is to locate 


precisely the zone of oaurrence < 
the aurora. It was believed eerli< 
that the auroral light appears with? 
a circubr auroral zone about I 
wide around ± 65^ geomagnetic lat 
lude, where the frequency < 
occurrence of aurora was found t 
be the maximum. However, as w 
know it now, the seat of auror« 
occurrence is not cortfined to th 
auroral zone. 

i 

In 1963. a Russian scientist, Y. 
Feldsiein had noted the zone i 
auroral occurrence as an oval-shape 
belt which encircles the earlh\ ma| 
neiic ptdes and called it the aurora 
oval. Configuration of rhe ovi 
zone, .ts skeichtd by Fckistcin, i 
shown in Fig. 1(a). It clearl 


R. N. SRIVASTAVA 



WHAT AURORA IS LIKE 


L 



r)r, Sjrivaktava leaches physKS «i the University of ftpua, New Guioco* Pott Mciv^by. 






kg. 1 (a). LoctiloA of Ihe fliironl ottl 

idicaies that the oval coincides 
mh the nearly circular auroral 
one only at (he observer's local 
iidnigh(. elsewhere, U falls inside 
iie auroral zone. 

Fig. i(b) illustrates some important 
rgions of the magnetosphere which 
re linked with the auroral pheno* 
tena. The trapping region [Fig. I| is 
he inner magnetosphere, where the 
eomagnetic held lines are closed 
nd where the energetic particles 
dectrons and protons) are trapped, 
he outer magnetosphere if the 
;gion of the open geomagnetic field 
nes. Clearly then, the auroral oval 
an be seen as the projection of the 
oundary of the trapping region and 
he outer magnetosphere on the 
olar atmosphere. The oval is found 
> be eccentric because the trapping 
rgion is asymmetric with respect to 
he dipole axis. 

Recently, the existence of the oval 
elt has been confirmed by auroral 
hotogtAphs taken directly from 
SIS and DMS? satellites. Records 
Iso indicate that the size of the oval 
hanges considerably with the solar 
ctivity. The oval, in fact, expands 
ipidly towards the equator duiing 
Mt magnetic storm. Therefore, it is 

uile likely that the aurora is visible 

t lower latitudes during large magne* 
ic storms. 

todiKtiott mechaoism of lurera 

Aurora is produced in (he atmos* 
hem as a result of a complex series 


of inter-related solar-terrestrial physi¬ 
cal processes. In gerrcral, it comes as 
a consequence of the interactions 
between the ekctrically charged parti¬ 
cles streaming from the sun and (be 
atmospheric constituents. The pani¬ 
cles taking part in (he interactioo are 
electrons and protons and the atmos¬ 
pheric constituents are mainly those 
of oxygen and nitrogen. The primary 
processes responsible for the produc¬ 
tion of auroral luminosity are direct 
collisfonai excitation [Eqs.(I)and(3)] 
and ionization of atmospheric gases 
by electrons and protons. The equa • 
tions governing such interactions can 
be de^ribed as follows; 
c +X -► e -k-X* ..(I) 

e+X 2e+X^* ..(2) 

H-FX ^ ..(3) 

H+X H*-|-X*»-(-c .(4) 

where asterisk signifies an excited 
atom or molecule and X is an atmos¬ 
pheric constituent. 

Aorofil liaea 

Combinations of different colours 
in the aurom are essentially due to 
radiatiotu emitted by the excited or 
ionized coostiiueot atoms or mole- 
cuSes. For example, the most cons¬ 


picuous ^een and red colours ( 
the aurora are due to excited oxyge 
atoms at (he respective wevelengll 
of 5S77A and (6300. 6364) ) 
Ionized nitrogen molecules em 
intense light, particularly violet an 
blue, in a group of spectral banC 
between 39I4-47XA, whereas excite 
nitrogen molecules account for if\ 
deep red colour of the aurora in tb 
wavelength band between 6S0( 
6800 A. In addition to the abov< 
there is another faint red light of tb 
aurora which is due to radiatio 
emitted by excited hydrogen atom 
in decaying to tower levels. Thes 
lines form the Balmer series o 
spectral lines. Some ofthe importa n 
auroral lines are shown in Fig. 2. 

Auroral classlAcalioB 

Auroras have been classified in th 
literature either in terms of thei 
colour or their luminosity. Two dis 
tinct types according to their colou 
are the type A and type B auron 
which occur at different altitudes 
Oxygen radiation at 5577X am 
nitrogen radiation at 39 mA original! 
predomioanily at 110 km and is thi 
type B aurora. The red lower borde; 
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>f Qrp6 B Auronit U liue to mofecuhr 
rmittioiis at lower altitude* which 
Me from the enhaoconem of Nt 
irsi positive (640(^6600) or Of'^ 
im ne^tive band* (SdOO-^OCNQ X. 

Luminosity duaification is accord* 
Qg to the brightness prodimed in the 
^mission of the 5577 k mdiatioo. 
rhe auroral brightness in kilony* 
sighs (I rayleigh*»10* ptmioos/cm*- 
cc) may vary anywhere from the 
isual threshold to as bright as llm 
ull moonlight. Accordingly, the 
mission nte of 5577 X line inletuiiy 
n the IBC (International Brightness 
^oefficienl), I, M, 111 and IV aurora 
I 1, 10, 10b and 1000 kHorayleighs 
espectively. 



It has been observed chat auroras 
isualiy appear in two different forms, 
^or example, it could either be a 
jscrtle aurora which has bright 
arrow stripes of luminosity and is 
sparatod by dark spaces of finite 
ridth or it may be a diffuse band of 
iminosily having non-uniform 
rightness. The diffuse aurora is 
sually found to be located equator- 
mrd of the discrete auroras. It 
ppears as a singly connected oval 
elt and remains present even during 
erv quiet periods when discrete 

A 


T 0 


OUin PHASE 
quitt homo^iwtdm 
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auroras become almost invisible. 
The diacctte aurora ts found to be 
essentiaUy an evening feature. Fig. 
3 shows a photograph taken from 
DAFP satellite which indicates the 
relative placiogi of the discrete and 
diffuse aurora. 


Amaral Mr a ci m e and 

activity 


Basically, the structure of the 
discrete aurora happens to be 
ribbon>like called the homO' 
gencous quiet are. This structure 


generally consists of one or moi 
thin arcs stretching east to we 
from horizon to horizon with dimei 
sion of at least a few thousan 
kibrnelers. The thickness of It 
ribbon is not more than a few huiKlrc 
meterv Periodkaliy, the ribboi 
like configuration develops striatior 
and convoftiiions with the increai 
of magnetic activity. If the magnet 
activity keeps iiKreaiing, other stru 
tural forms like bands, folds an 
loops also evolve with successi> 
brightening arxl movement. Hov 
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ver, if there is not much mftgneuc 
ctivily, the aurorts would disappear 
irithout bnghteniDg aod break up 
nto doud'iUce patches. 


VedpHaied partkica 

Contrary to what ms believed 
arikr» il has now become incieas- 
ogly clear that Che midnight auroras 
re caused by particles of solar 
•npn which are latially stored lo 


the low mainKic fidd sti e u gi 
lowds the Ugb —fid 
ttreaglb dda. ia other WMda, H 
nigaetk field tinea ctdlhnate an 
c wfefg n e the partidaa fromte plawB 
sheet to impinge on to the tug 
laiinida spper atmo^heta. 

IV dayiide aiiroiai» however, ai 
formed by soft particba> i.a^ whic 
have cnci g ic i of ahoot 100 eV fc 
clectroiie and a few hundred aV ft 
protona. Hie nft partklea cob 
the pobr atmoaphm diitcdy throng 
the dayiide polar cu^ (c.f. Fig. 1(b) 
as is evidenoed by the pt ese nc e < 
6J00 A eawaaion in tbt dayiid 
aarorms. Hm iu of pncipitate 
eketrom at all the e nergy range 
has been found to locreue mariiedl 
with increase In the magnetic activity 
However, strong electron fluxes ocev 
00 the oidit aide in close associatio 
with the aurora and the partici 
energy increases irpto sevenl kUc 
volts with decreasing latitude. 


tbe plasma sheet The plasma sheet 
[Fig. I (b)] IS the region of chared 
parucles beyond teo earth radii 
on tlw night side and may 
even extend up to a hundrtd or 
more earth radn. From the phsma 
sheet the particles can be aoccleraied 
ii energies of a few tenths of keV 
to a few tens of keV This happens 
when the panicbs gyrate around the 
laagoelic 6eld lines and come from 


It b well established that the sui 
is continoously pumping out it 
idasma^apartof whicb flows toward 
the earth and helps to mainlain th 
steady'State coofigaiahOQ of th 
magnetosphere during norma] timr 
However, when the sun become 
active, intense flows of solar plasm 
dbturb the ileady«itate situatioo an 
lUafter-cffectaarereitflobaJly some 
times eveo for days. 

Aficoiding to one phenoinenok 
gical model propo s ed in 1973 by < 
team of Amencao scientists heade 
by ILL. McFberon, tbe high vanab 
Irties in the continuously Aowin 
i|tiiet*CiiBe solar wind erode Ui 
magnetic field ftom the front of th 
a m g nctoqibcre and coaveet it to th 
tail The eroded flux is not imnu 
dieted returned but builds upon th 
rg****^ uotfl the energy resmo 
in Ae nngnetotail (tntbunward sU 
of the nngnelospheie enclosing Ch 
ihcci) attains its fuU capacll 
to give rwB to weral short-ins 
ezploarve processes within the mafiM 
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o^here. Auroral subslorm pheno- 
newn i% one $uch dynftnuc 
process which releases and 
lissipales a Urge amount of energy 
tor^ in the nighuide of the 
lagnetosphere following a major 
oUr storm. Just to quote a simple 
sample, (he total energy injection 
ale for the fairly bright auroral 
.ispUy. aay for a 100 kiloraykigh of 
914 A emission in the aurora, is 
if the order of 120 ergs (cm^sec)-'. 

kuraral labstorm 

Various phases of an auroral 
ubstorm can be briefly described as 
sequence of systematic and charac- 
eristic auroral displays which origi- 
ate in the midnight sector of the 
uroral oval. The subsiorm has a 
epical life-time of the order of one 
0 three hours. Complete sequence 
T auroral substorm phases is illus- 
rated in Fig. 4. The illustration is 
ased on a detailed study of all«sky 
amera data by an American scieniisi, 
l.l. Akasofu, in 1964. First of all, 
s the magnetic activity increases, the 
ival expands as far equatorwards as 
cssible. taking the quiet auroral 
res to lie along with it. The first 
idication of the visual onset of the 
uroral substorm is the sudden 
Krease in brightness of one of the 
oulhemmost arcs in the expanded 
val. Soon its effects spread 
iolently in all directions, breaking 
Ip the other preexisting arcs and 
ausing poleward expansion, west- 
rard (ravelling surges and eastward 
rifting patches in different local 
ime sectors. As the substorm acti- 
ity subsides, the scattered auroral 
ragments converge slowly and re- 
ssemble into quiet homogeneous 
res tracing out the auroral oval as 
t was before (he substorm, 

^oatorial carreat syston 
Concurrent to the auroral pheno- 
lena, the greund magneiograms of 
igh latitude stations often show 
i rge magnet ic varialio os. Variaiio ns 
It the horizontal component of the 


magrteiic field are called bays because 
they resemble a topographical bay. 
)l is widely believed that during these 
subsiorm magnetic perturbations, 
which are associiled with auroral 
activity, intense electric currents 
known as auroral eketrojet flow at 
the high-latitude E-regior> heights. 
The electrojet current is best ordered 
when considered as aligned along 
the auroral oval. Fig. 5 schemati¬ 
cally shows four equivalent current 
systems which are being frequently 
discussed in the literature. A 
common feature of all four systems 
is a high concentratk>Q of westward 
eketrojet in the 220(M)600 time sector. 
Three of these systems, however, also 
show an eastward eketrojet in the 
evening. 

Current closure is shown to occur 
at lower latitudes and over the polar 
cap. Although closure of actual 
current flow is probably not confined 
to the ionosphere, it is thought that 
westward electrojet is ionospheric in 
character. Eastward electrojet cur¬ 
rent may be connected to asymmetric 

su 


ring current through fkld-aligne 
currents. 

CatiaikQ 

All (he assembled features of th 
midnight aurora tend to indicate thi 
it may be caused by an instabilil 
which fs non-linear and explosivi 
occurring In a confined region oftli 
magnetosphere. This is so becaus 
the region where the instability sei 
in can remain inactive for hours t 
give rise to stable homogeneoi 
arc but becomes activated in a fe' 
minutes. The probkm is, thus, t 
sort out all the known plasm 
i nsta bil itics and to fl nd t hei r relevanc 
or irrelevance to the auroral an 
associated polar geophysical pherK 
mena. Although several mcchanisir 
have been proposed in the past t 
explain different auroral features an 
the numerous other observatior 
associated with the aurora, what u 
still lack to date, however, is a sing 
most comprehensive theory whic 
can satisfactorily account for all tl 
observed auroral phenomena. 
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8 it posslbk to prevent retliinl 
letichmcot? Yes^ it is. A 
litiest noBt rash to coBsnJt 
I retina spcdalist w tke 
ippeartoce of fint symptoms 


r HE tge old adigo 'Prevention 
is better thin cure* is pcrbtps 
owbere more appropriete than in 
ise of retinal delacbmeot. Tbe 
lire of retinal detachment involves 
very delicate, time consuming 
peration (about 4 hours) under 
eneral anaesthesia. Besides the 
sks of operation there is an inevi- 
ihle small risk of anaesthesia. It 
true that tbe prospects (prognosis) 
t success have increased from some 
0% a decade back to about 80% 
>day. Yet, even the most deli* 
itely executed surgery cannot 
jslofc 100% of the vision. Tbe 
loment the retina Is detached it 

rinkles. Ev«n if it is reattached 
nmediately, the retina fails to aS' 
jme the same perfect smoothness it 
id before the detachment. The 
!$ult: everything looks a little 
avy—the sharpness of vision is 
»si for ever. The greater the delay 


in treatment the greater is tbe 
loss of visual perfection. Also the 
process of surgical treatment of the 
retinal detachment involves scarring of 
areas of the retina with inevitable loss 
of its function. The most successful 
surgical techniques in reattaching tbe 
detached retina are also somewhat 
drastic. While such techniques pre¬ 
serve the most important central 
vision, the peri(^ral vision is sac¬ 
rificed. Therefore, it should be 
obvious that the ideal solution is 
to prevent a retinal detachment 
rather than trying to cure it after 
it has detached. It is just appro¬ 
priate that the World Health Orga¬ 
nisation (W.H.O.) has for its theme 
for 1976: “Foresight Prevents Blind¬ 
ness". 

Is it really possible to prevent a 
retinal detachment? Tbe answer is, 
yes. Retinal detachment is not a 
disease which could aAict just any 


one. The vast majority are myc 
pics (short-sighted) wearing thic 
passes (high myopics) or membei 
of the family of myopes. The otiu 
important groups are those who ha^ 
got their cataract operations don 
and those who have been hit and ha> 
suffered injuries of the eye. A coo 
pvntively small perceotap of tbet 
patients would slowly develop weal 
oess (degeneration) of the retina \ 
vdiicb the degenerated vitreous wi 
be attached. Some day retin 
tears would form. After the teai 
have formed it takes months, eve 
years, but rarely days before a retini 
detachment develops. As such, 
is not reaHy a sudden accident as 
a^iears. 

As iMg u the retina is not deu 
died, the retinal degeneration an 
even retinal tears can be luccet 
fully treated without surgical open 
tions. In other words, if a patiei 
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•'i fft some dots before my 
eye, the.'* 

redhpo$e4 to develop retinal de- 
ichmeni with retinal degenerations 
id holes happens to come across a 
ained retina surgeon who on a 
iorough reciniJ examination detects 
)tu lesioai and completes wbat is 
nown as a prophylactic (preven- 
ve) treatment, (here is no reason 
hy the patient will develop a retinal 
rtachmeat. It is possible that 
fter the first Creatmenl patient may 
evelop some more of retinal dege- 
eratioD or retinal boles. This only 
teans that such an individual must 
9Dliiiue to get himself examined at 
tgular interval I as an insurance 
gainst a retinal detachment. 

People who are prone to develop 
Btinal detachment (Target popula> 
ion) belong to the fdlowing caie> 
cries: 

(a) Myopics (the short-sighted), 
pecially the high myopes (using 
lasses of ^ D or more) and rapidly 
regressive roy^es (those who have 
D change their spectacles frequently), 
OQstitule the largest group (6£% 
f my cases of detachment) 

(b) Aphakics—those who have 
een operated upon for cataract, are 
be next important group (16%). 

(c) Those who had had sustained 
bjury to (he eye (6%). 

The majority (67%) of the cases 
if retinal detachment that we see 
n this country are between the age 
ETOups of 30 to 60 years; of which 
ttople between 40-50 yean account 


for 42% of all cases of retinal de> 
tachment. Retinal detacbmenl is 
much more common in males than 
in females. Miles outnumbered 
females among my cases at a ratio 
of 7:3. Greater outdoor and ^y- 
Steal activities among Indian males 
seem to be (he most important cause 
for this difference. 

The least these people could do 
for themselves is to get their retina 
ihoroughiy examined by competent 
retina specialists. The modem re¬ 
tina specialists use with skill such 
examination systems u indirect 
ophthalmoscope and Goldmann*s 3« 
mirror contact glass, developed 
over years of painsuking research. 
Out of these procedures the one 
which is most useful, hence (he 
most difficult to master, it the indi¬ 
rect ophthalmoscope. Unfortuna¬ 
tely, tlw vast majority of ophthal¬ 
mologists trained in this country or 
in Great Britain are poorly trained 
in the use of this technique. Most 
of them who hear about its useful¬ 
ness go as far as acquiring an instni- 
ment. The process of mastering the 
technique is too time-consuming and 
requires hours of back-breaking ptMc- 
tict. Few find tbe time or the incli¬ 
nation to do so. As a result, there 
are surprisingly few competent retina 
surgeons in the country today. 
However, the younger generation 
among the ophthalmolo^sts leems to 
be getting ^e message. Tbe num¬ 
ber of retina surgeons is slowly likely 
to increase. It is almost totally use¬ 
less for the purpose of inevention of 
retinal detachment to consult oph¬ 
thalmologists (however famous they 
may be) who art not retina speda- 
lists. 

To start with, a detailed mapi^ng 
of the fundus (inside of the eye) is 
carried oot on a ^edal dun. De¬ 
pending on the nature, the side, and 
extent of the retinal pathology pa¬ 
tients art categorised into different 
risk groups. The high risk groups 
with imminent rerinal detachment 
are treated for Ha prevention 


(prophy’ ctic treatment). The weak 
areas of -the retina and those 
with tears are treated by cryopexy 
(freezing) or photocoagulation, so 
that the retina surrounding the weak 
areas or the tears are stuck to (he 
underlying choroid by a scar. The 
procedures of cryopexy and photo- 
coagulation do not need a surgical 
operation. However, once a retina) 
detachment develops, it can be trea¬ 
ted only through an operation. 

The degenerations or tears (doctors 
call them lesions) do not develop 
all at once. It is possible thal 
new lesions continue to develop 
over a period of time. This would 
necessarily mean that such patients 
get themselves examined by a retini 
surgeon at regular intervals. Reti* 
nal tears or degenerations are taker 
care of as soon as they threaten t< 
develop into retinal detachment. Tc 
give an example; there is one patien 
in our detachment clinic record: 
who developed tears, dangerous ones 
on five successive occasions. Eact 
time they were detected before i 
detadiment devdoped and treete( 
to make them safe. The system o 
consunt watch and prevent! w 
treatment has saved him from detach 
ment five times. In course of time 
all sites of vitreous pull reveal (hem 
selves in the form of retinal tear 
or retinal degenerations and ar 
treated to make them safe. There 
after, no new retina) tears shouh 
develop. 

Wtraiag premonHary symptens 

There are certain symptoms which 
to tbe paiienls of (he susceptibi 
group, may mean serious trouble. 

1. When a degenerated vitreou 
shrinks, a time comes when it gel 
detached from the back of tbe ey 

and eoHafises forward to crow 

behind the lens. While a normi 
vitreous is transparent and is nc 
visible to the retina, the collapse 
vitmoua may be seen as multiph 
tmnalusccnt dots dispersed irregt 
larfy oe m form of chains of varioi 
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brms. The cbtini turn or twist 
vitb the movement of the eye. 

1 When t vitreous pulUng on the 
etina causes a retinal tear, often the 
‘etinal btood vessels passing across 
he tear snap and bleed into the 
dtreous. When the bleeding is 
;ma]l, the patient suddenly sees 
iark spots which gradually disperse, 
ind may disappear with or without 
reatment. More extensive hae> 
norrhages appear as a mist or a 
:loud. A massive haemorrhage 
nay obscure vision for variable 
wriods. The wise thing to do in 
:uch a case is to take complete 
)td rest and contact a retina 
urgeon for a thorough fundus 
rxamination to discover the cause 
if vitreous haemorrhage. If some 
me is a myope or an aphakic and 
s not a diabetic nor suffers from 
vhst docton call Bale's disease, he 
las almost certainly bled from a 
etinal tear. Unfortunately most 
latienti, even the m^ority of examin* 
Qg doctors and eye specialists, do not 
ippreciate the signiftcance of the sign. 
U a result, a retinal break whidt 
ould have been succeufully treated 
without a surgical operation by 
>hoto<oagulation or cryopexy goes 
m to cause a retinal detachment. 

3. Pull on the retina causes a 
ensation of light. It may be in 
he form of tiny twinkling lights or 


large, soft glows moving away 
painlessly and silently. They ue 
known u photopsae. If they appear 
suddeirly, an immediate iovestigatioo 
is required. 

4. A beginning of retinal detach* 
ment can be perceived as a dark 
veil or shadow appearing and en¬ 
larging. As the detached retina 
moves and shifts, it gives a sensation 
of soft glows of light moving and 
breaking up as they move to dis¬ 
appear. 

Any one who is susceptible to deve¬ 
lop retinal te?.rs rnd de'** 01 'meats 
must consult a re na spviaKst the 
moment he experiences symptoms 
similar to the ones listed above. It 
may be of interest to iliuicrtte the 
point with a case note. Mr. G., 
43 years male, it a hi^t myope. He 
was examined at the Retinal Detach¬ 
ment Oink of Is win Hospital and 
was found to have got dangerous 
looking retinal degenerations. He 
was advised to avoid jerky .v^ides, 
accidental falls, etc. He was also 
suitably educated on the wafning 
signs indkating dangerous happen- 
inp in the retina and kept under 
dose observation for dedding on a 
preventive treatment A fortnight 
later, his nephew acquired a new 
scooter and invited our friend for a 
joy ride. In the face of the effusive 
entbusiaso of his nephew Mr. G. 


forgot our warning againgt sut 
adventures. While tlw scoMr jun 
ped along a bumpy road two lari 
tears were formed in his left eye. . 
blood vessel passing over the leaj 
got tom. Mr. G. saw the all sign 
ficant '^multiple dark spots'* in froi 
of his eye. He came straight to \ 
and had to be operated upon with tt 
use of cryopeneils in both eyes. 

He was thus saved from an imm 
nent retinal detachment in the le 
eye. The areas of retinal degenen 
tion in the right eye were made saf 
Though the risk of retinal detachmer 
was drastically reduced by preventiv 
therapy, he was by no means con 
pletely out of danger from sew letini 
tears. Two months later, on on 
of his follow-up examinations b 
showed a newly developed giar 
tear. This was promptly taken car 
of by ui. Now, for the last two year 
be has not developed any mor 
symptoms. However, he would b 
kept under close observation at ou 
Retinal Detachment Gioic like man: 
othen of his type. 

(TMf cMMe mktn potMikl casas ef iwda 
— 'r i^T fill rail nf Ihimk mil 
•aaat wlkw sad tWy profMactl 

Rat dUe art iMg tba baat RariH Caatai 
dmaaarid. Howiar, caadMii Ow gsi 
dty 9t mhaMy traM radn ipadsUaii I 
tha caMT aarfe clWcB la paMk laaHMIai 
ihoaU ba mcemewt^iditor.) 


VhMt ifl the significtfce of 
emia ^reoetioo occvs* wmi 
resctioQ does not oeev'? 
tesctioos caa occv both 
raySt 'occur* aad 'does aot 
ccor’ are ia fact aihkadint 


WHY DO 

CHEMICAL 
REACTIONS 
OCCUR ? 


r HERE is tlwtys e qunlion mark 
ia the minds of young under- 
raduate students in regard to the 
ccurrerKe of chemkaJ reactions: 
iVhy do chemical reactions occurT, 
iVhat makes the reaction gof, or 
h^hat is the driving force behind a 
hemkal rtaction?* Answers, to 
lese questions are not ixnmedsat^ 
bvious. When a 21 nc tod is dipped 
i an aqueous solution of c o ^ y e r 
ulphate, copper is deposited and 
tnc goes into solution. Why docs 
te reverse process ik>l happen? 
litrogea and oxygen combirte to 
irm nitric oxide at hi^ tempera- 
rre. Why do they not cornbine 
\ a Inver temperature? But beCoie 
e atu mp( to answer these questiorv, 
i us ftrtt know what t sponlaneoas 
rocess is. 



A spontaiKDos imctlon is one 
which oocura by tiKlf, without any 
external agency taking pan in it. 
Combtoation carbon and oxygen 
h a spontaneous itncdon. How¬ 
ever, our ootnnoa day observations 
appear to disapprove thb fret. We 
have plenty of cartwn and oxygen 
arooad ai, bot ne hardly firul any 
chetniaJ reaction to ocenr even in 
years. 

Tim Hct is that the reaction 
is very slow, so slow that it ts not 

peieeptibir even n years. If «e 

bum (rahe the tentperaiure) cartmn, 
carboit dioxide it easOy formed. 
This is equally tnm of the combin¬ 
ation of hydrogen and oxygen where 
a catalyst is needed to make the 
leacdoa fast 


The meaning of ^ntaneity it nc 
so obvious by chemical reactions. • 
few physical processes would mal 
the meaning clearer: 

(1) Water always flows down 
slope. The process is tpontancou 
The reverse process, flowing up i\ 
slope, is non-spontaneous. Hov 
ever, a motor (external agency) ca 
pump the water up a hill c 
building; 

(2) A piece of elastic rubber, wbe 
stretched ai>d left, contracts sponti 
rwoudy; 

(3) A watch ^ing unwinds itsc 

without any aid. and 

(4) A piece of chalk, if droppe 
from the hand, falls to the groum 
Tlut iia ipootaneoui process. It do4 
not go up. However, we can throw 
chalk up with the help of our han 


r. Oupu lesclKS cheniury ai ihe Uahaniiy of 




[eileratl afcoe^r). AH pmx mu 
wbeOitr pkyiiaJ or cfagikal thMX 
xcur a/DHod at aie ipoolaiwotts. 



Now, what tt coaoDfl ia aH tfaeae 
MooMcs which afo «poaaan>ui? 


!t » (he dBcrecK of poMOal ctr pr 
riiich occiiia in all ihtat spoattneom 
yocc M cs -water ftowiag downhA, 
ootwuoa of rubber, unwindiag of 


vmtch spring and faDing of ctnlk. 
n fhct, during line proccsKs the 
ystem tends to UUm a ooie tfiNe 


ate. Ihe moai sable tfaie has the 


east amount of en e rgy. AD sponO- 
leotts procesKs nd to attain the 
nost stable suie by decRasiog (heir 


nefgy. 

Let us now try to eipliia the 
ocuntnce of cfaesnicai laaclioRS on 
his basis. Some of the spontaneous 
esLUons accompanied by decfose 
n energy am given below. The 
ctuil term mcd is enthalpy chany 
i&lctd of energy change, and is 
esigoaicd as ^H. 


U+tM,->ZNH,; AH • -N KOL^I 
K|4- O. 

:+Ok>^CO, ; AH ». 94 U 
n+CiM. »Oi4ZaSO«; 

An--aK^..(^ 


Jl these reactions tie esothennic 
nd (he criienon of 'decMse of 
nergy' appears to be JiBii6ed. We 
lay now eiplaia (he occurrence of a 


■ am ber of endothermic reactions, 
snch as: 

an ; AH- f lU Kml ..(S) 
C48->CSt:AH —1-90 KaI ..(0) 

It m obvions (hat dtcitate of 
cwBigy for Tf**^****" *y is not the 
crio ii o northeonly cTttcriea. There 
mad be some additMal c r i ier is for 
ocenmnee of R^lion& 

Let ns again go bach to oar physicaJ 
systems to look fo^ a suitable 
cfhenoa. 



Comida two boxes (1) and (2) 
pi O fidc d with amvable partitioBs as 
shown in Fig. I. One compartment 
of boa (t) B cvacaaicd and the other 
IS filled with a Such is the 
skuaiioa marted (a). On Itfting the 
putiMOB, the gas occupies the entire 
spnee of (he box availabl e a iitua> 
tkm ihuwa by (b). In the other boa 
them arc tao ddfereet ^aes, one 
in each of Che two compart' 
The (WO gases mu and 
uujip y (he whole s|Bce sAer iiltiflg 
the paititioB. The proc es s is spona- 
neons. What has happened in (his 
proces s ? No decrense of energy has 
takaa plica. What k the dUEeraoee 
btt w rjtfl the two sates, (a) and (b)? 
In boa <l) tn pochion (b) the mob' 
tides of iba ^s have more room for 
movement, or the randomness 
has inercamd. In hoi (2) n pocitioa 


(bX tbe chm has increased and li 
order has decreased. Another cril 
non for spoacaneiQ^ U (he increa: 
in madomness, chaos or disord 
which h called entropy. Thr abo« 
process is accompanied by increa: 
of entropy | /^S). 

Solid amnKHiiufn chloride di 
mhos in water. The process 
sponaneoua though eodochnrmii 
ll happens because solid pankk 
distribute ihe ms elvcs throughout ti 
solution and the randomness c 
entropy increases. RuNrer lu 
Boprene units as shown in Fig. 2(a 
and the stretched and unstnrtclw 
forms are 2(b) and 2(c> respcctivelj 
ll B obvious from (he disgrem lhi 
when (he slretched form coniracu, 
goes from order to disorder or (h 
colropy increases. The seme ihin 
hippau duKog melting, evi 
poialion and the like proecsKS. I 
aO theae tpontaneous processes th 
entropy increa res. 



In chemical syttems the entrop 
change may occur as a resuU o 
rearrang si n c pt of atoms and mok 
cubs. If (be atoms, in products, ar 
arranged in a more diMKdered wa> 
entropy increaaes in going from tb 
reacOnts lo products. FoUowui, 
illustraa the point: 
NILO-*'NH,(a)H HChi); AS b +«a ..0 
Za 4 AS h •fre . (I 



'•Coy is mupue. a rtsistM ^ids 
bus ottrocu womem" 


(ifiNCBinoftrai 


m 





However tbc detenuMioo wiMker 
nlropy chii^ wooU be p o eit ivc 
»r o e^ rtiv e b aol id 
s slated above. It depends vpoe 
flomber of fadon beyond the Kope 
fthbertiefe. le ^aeiil the eauopy 
if • sysMt woold KRicoje if it goei 
rom a low lenpeimtare lo a ht^ 
emperaiure. froQ a small volume 
0 a lar^ vc^hbc, from solid ttaie 
0 liquid or 0i9eo«e mate, from bqiud 
tete lo fiieoin Mile, and from 
indiiiolved sr.lc lo dimoKed mate. 

It would appear from the entropy 
henges of the above rMctioBi the! 
icicher and nor^S alooe aa 
>iedict the coune of a cbemkal 
eactiOD and that koowledte of both 
I essential. If b —ve aid 
^ S is H-ve for a reactioa, it b 
pomaneous, and if b -fve 
ind b—ve it will oot occur, 
f both are positive or ne^tivc. 
heir lelative mafaHodea will deter- 
line the coune of the levtion. 
Ite two facton have been com* 
ined in the form of aa cquatioo 
od the combiaed term b knowa 
a free energy clmage CaO) which 
i giren by the equatioa. 

AO - AM-TaS ..(H) 
k simplified qoaliiaiive deecripCioa 
f free erwrgy caa he g iv en ta the 
sDowing lines. If ia a proce s s 
energy b involved aad TAS 
» used up in the reaira wgrincni of 
atoms, the reataining eae rgy ava- 
abie 10 do aoam catetMl work b 
oowQ as free enogy. A proc ess 
ould be sppntioeoiB ifAO dec* 
sases in it It b obvious from Eq. 
11 ) that decrease m aud aa 

Krease in A^ would lead lo dee- 
AO. Free energy decrease 


IhoMbre b the rtiriiag foeee 


Aa wc 

^ telirjs the 

concept of free en 

tfgy. Let m cal- 

cable the free cw 

regbs m clw for- 

maiM of NO at 300 E a^2fBDE 

500E 

2DB0E 

AH*44IEicnJ 

AH—f4l Ecal 

TAS'MxOJXrr 

j^s^au>x 

bcm 

*1 Ecal 

»S4 EoJ 

AGb 433 Ecal 

AG-*-13 EmI 

Keaeckm aa- 

Rteioa bvou- 

favomabb 

mbb 

ai JODE PTC) 

at 2000 E 

From the above 

cakabim H b 

obvious why NO 

b not formed at 

room bmpevature. 

The free caeigj 

rhnagr b -l-ve. Ahhougb AS has 

a small positive w 

due as mmtwiTil 

10 krge +ve vaue 

of ah* it b the 

ibiolulc temparetuR T whkh 

makes the mcood 

MiorEq. 411 ) 


It has been assumed aa the above 
calcukiioa tkal AH aad A^ sie 


there b a smuA efipct but of 
The to t ae pi of free eaeszr 


esgy ca¬ 
te ite 


Ibr the iMctiou. 
aad that above ibb 


..( 12 ) 

ueilw 

it bu 


that thb 


ia aiost mtboob 
■ b vciy slow 11 


All 

of the l Ui ct i oa te Id be mcRMcd 
marnkafite. Ou the other band, 
the reactioa doas aoi occur at higher 
^sreperetmes bneaum A^ b^re. 


t' I. < . s 


teal with both the facts has been 
foaad to be MOK. TW followiiv 
calcuMoa proves the point: 

ag*ah-tas 

»C-2d)-PID) (-0.W7) at irc 

-^244IAI 

-n^tO ICcal 

For AO Id be sto. TAS • AH 

or T- ^ 

ZiS 

-24 

“ -aot? 

K 

Siace AS b —ve.lhe second term of 
Eq. (11) would afwayi be -fve and 
k becomes Ibaa the firb term 
(AH) above 500 K, U., AG b+ve 
ebovc SOD K aad heace Che rea^ 
tioB would not oocnr in the dirtc* 
fiou showa. lacidcatly the caample 
also Mows that the back reactioa* 
of ammoam* would 
occur above 500 K aad aot below 
Mb bministun. 

IhUe 1 further ilusumtea the 
inqiortaaM of AG ia 
the dtreciM of a c h rt ai r al reaction. 
It b also obvious that a iMctioo 


a 1. AG^AH^TASai ME 

ah 


TAS 

iCaMte 


KcsVwd 


N^H'llOW 

IbfVIt 

H,4M-»IM(I1 


-ff.Sl 

4l2w 

-M.7 

-7.01 


4S.4I 
-#.57 
47.US 
—H.7 
-D.S 


—M.9 
40.€2 
b 44.73 
afeb —S7h 

Mb k 13.7 





/“Vv=/V“V\=A/ 

Plf.2(k) Stm^Urmwtt^krn 

which doet rot occur in a ptrtkidir 
dirtcuon under a ni of conditioiu 
would tAke plAce in the oppo&ite 
direction under the iaom conditiont. 

Bercnibk rcactieM 

Let ue now try to explAin the signi* 
ficAOce of revervbk renctioni in the 
light of criterion thAt ww hAvc deve¬ 
loped for the cheraicAl reoeiiorti to 
occur. A reveriible reaction it one 
which cAQ p r oceed in both the direc¬ 
tions under eimilAr conditions. This 
Appears to contredict or Atletst 
creAte confusion About whAl lus 
been mentioned so fer. However, 
this is not true And a slightly diffe¬ 
rent ipproAch would eoAble us to 
understand the occurrence of rever¬ 
sible reactions. 

E^iiibrium a\dfret fwrfy change^ 
All reversible renctions are associa¬ 
ted with an equilibrium consUnt 
defined by the ratio of the products 
of the produet-coocentratjons to 
the products of the reactaiit-conceo- 
trations, each coocenUatioD term 
being raised to a suiubk power 
which is the coefficient o( the for- 
mulA in the stoichiometric equAtion. 
Startdard free energy change and 
equilibrium constant are related by 
the following equation. 

. - 2.303 RT log K 
where )C is the equilibrium constant. 

A system may be in equilibrium 
or may not be in equilibrium. All 
systems which are not in equlbbrium 
tend to attain the equilibrium with the 
decreases in free energy. The free 
energy change for a system at equi¬ 
librium is zero. In other words, a 
particular process occurs because 
the system is not in equilibrium and 
it tends to atuio it. A chemical 


system in eqailibnu mas a rever¬ 
sible reactioo which has attahicd the 
state of eqBdibfiam. It is well 
known that a chankal cqwlibriem 
caa be approadhed from both the 
directions. If the system » ool ia 
equilibriuot, K would attain it by 
moving ia one of the two dircctioiii. 

At 25*0, the cqailibriiim eaprew 
sion for the itaction. 

CO(*)+HA*)p*CO,(«)+M,(*) 

.(13) 

is gjvea by 


[CO,(gH [Hdtg)] 
[CO(g)] (H|OW| 


-1.02xl0»...(14) 


Suppose we take three differeai 
gasfflixtuies AS shown in Table 2. 


Tahis 2 


Mixtiev 

IaIImI COOCBDifV 

lioa (mnhi^tiou) 

CO, 

K. 

CO 

IM> 

1 

0.16 

0.15 

0.05 

0.20 

2 

i.o 

2.0 

0.QD1 

0.002 

2 

0.51 

2.0 

0.002 

0.005 


Although the equilibrium* constant 
is large, it ts not possible to predict 
the course of the reactioa for any 
of these three mixturet For mix¬ 
ture I. the iailia} conceotiation quo¬ 
tient is. 


team fH,U» 016x0.15 ^ . 

(CO^l (Hp(g)l"0.05xa20 
Hence 

In order (hat equiUbrium b attaiaed 
the concentration of CO^ and H| 
must increase and chat of CO and 
H,0 must decrease. This means 
CO and H|0 must react Ic yield 
CO, and H, and hence the reaction 
must occur from to r^hi. 

For mixture 2, the iaitia] value of 
the concenifution quoUeol is. 


|CO(g)y(H/)<g)l 


1.0x10 

.Q01x0.< 

•lxlO> 


and, therefore, < Kmabi 
I n this case equibbnuo would be 
auained if the concenirations of 
CO| and Ht decrease and that of 
CO and H|0 inoeam. Otwbudy, 
the reactiort would occur from tight 
to left. 



For miiture 3, the initial value c 

K ia. 

rCO,(l» \HM\ 0.51x2.0 

po(g)TTSio®i "ordoixSiKs 

- 1.02x10* 

and so * KiaiMi, i.c., th 

imtial concentration i correspon 
to equilibrium cortcentrations an 
reaction would not occur. 

We say that there is free energ 
decrease (^G •> >6.8162 Kcal/molc 
at 25X for the change 

CO(g)-*.HA«HCO,(g)-i-H,(g) 

.(If 

and therefore the reaction ihoul 
occur >0 the directioc shown. $ 
far rt is alright, but what is th 
expbnatioD in the light of this argi 
oent for mixture 2 where the rew 



lakes two, dear Anita, to 
produce a reaction.** 
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on occun io the o^ositc dinction. 
he reuon » that the above free 
aergy decreaie of —6.8162 Kcal/ 
lole refen to itandard itate of the 
mtrn whereat tbemUturei 1 and 2 
re not in the etaodird eute. in 
ich cases the frae energy decrease 
. gtveo as below : 

\G> —RT In ..(16) 

a case of mixture 2, is positive 
od reaction (IS) does aol occur is 
le direction shown. Instead, the 
taction oceun in the reverse direc- 
on. The result is the seme as tut« 
1 above. In ease of mixture S, 
q. (16) gives a value of 2 ero for 
nd hence no reaction would occur 
1 either direction. 

If simply a mixture of CO| and 
(i is taken and no CO and H|0. 
amounts to a situation when neg* 
gible amounts of CO and H|0 
re present, and the concentration 
uotient (COi) (HJ/tCOJ (H.O] will 
a very large and will be posi- 
ive. Theitfore, the rwtion (15) 
s written, will not occur but the 
svene reaction wifi take place, t.e., 
X>t and H| wilt react. We set that 
reversible reaction can occur both 
mys and still the principte of free 
nergy decrease is obeyed. 

The question now arises is : What 
i the signiftcance of terms 'reaction 
iccurs* and 'rceatbn does nol occur* 
nd,*favourable* and 'unfavourable'? 
yhat term should we rcaly use; as 
eaclioos can occur both ways, 'occur* 
nd *does not occur* are therefore miv 
Mding terms. Wc should um terms, 
favourable' and 'unfavourable*. Re- 


action (13) is said to be favourable 
in the right direction. However, 
if we Stan with CO| aod H, at 25^C; 
socne reactioD does taka place, i.e., 
small quantities of CO and H|0 
will definitely be formed. However, 
the chanfB is so small that the reac¬ 
tion k contidemd to be unfavourable 
in the left diraction at 25*C. *Fa« 
vourmble* and 'unfavourable* terms 
are therefore relative and depend on 
the equitibnum constant At 25*C 
the forward recation (13) occurs to 
a large extern and hence is favourable. 
The reverse rcacttoa occurs to a 
smalt extent and is considered un¬ 
favourable. Larger the value of 
equilibrium constant than one, the 
more favourable b the reaction. In 
other words, the more neptive the 
value of the more favourable 
is the reaetiofl. 

AO raactiini are rivw^c 
At thu stage ii would be appro¬ 
priate to introduce one more con¬ 
cept useful to our understanding of 
the occurrence of chemical reactions. 
All reactions art considered to be 
reversible and even the fdJowing 
typical reaetioD (IT) b reversible: 

Baat+H«S 04 ^baS 0 ,+ 2 Ha. (17) 
It has a very large equilibrnun cons¬ 
tant If we start with equimolar 
mixture of BaCI| and H^ 04 , the 
conceotritiotts of these at equili- 
briura would be very small. Even 
such reactions are truly ieveriible,b 
proved by the fact that if BaSO| and 
HO are mixed, small but detectable 
concentrations of Ba^ and 
are found in the solution. Similarly, 
a reaction like the decomposition of 


KCIO^ at 400*C is reversible provid* 
ed it b carried out ia a closed 
vessel so that the product (oxypn) 
does not escape. 

IKCIO,^ KCl-t-30a 

We can now summariee the con* 
cluiioos as follows (!) all reactiom 
are revenible; (2) reactions occuj 
because th^ are not in the state ol 
equtUbnum artd they tend to attair 
it; (3) tha aquilibrium can be attain* 
ed from both directions, i.e., i 
reversibb reaction can occur botl 
ways; (4) tha extent of reaction u 
reach equilibrium decides the *favcu 
rableness* ind 'unfavouraMeness* 
(5) in terms of equilibrium constant 
the larger it b then one, the mon 
favourable b the reaction; (6) ii 
tartns of free energy decrease, th 
more negative it is, the more favou 
ruble b the reaction; (7) in terms o 
enthalpy chanp, the more oepUv> 
it b for a reaction, the more favoti 
rabb it b; and (8) in terms of eatie 
py chanp, the more positive it I 
for a reaction, the more 'favourable 
it is. 

PiV*« rM«i| 

(I) Fischer, R.B., and Feters, D.O 
Chmicnl E^Uibflum, W.l 
Saunders Company, p. 20.197( 

(2) Ashmore, F.O., ^ritKip/es c 
Ckcmitai E^i britm. Monc 
graph No. 5, Royal Institute c 
Chemistry, p. 17, 1967. 

(3) Dasent, W.E, hcrgmic Ewrgt 
lies. Fanguin Books Ltd, p. 3) 
1970. 

(4) Selly, N.J., Chemiraf £>r<rgflKj 
Edward Arnold, p. 92, 1971. 


i3l 


iEpTEhnn m 


SCIbNCR itmiRTI 



H.L. BAMI 

Science Is DOW increasingly tiding detection of crimes 


S CIENCE pitys a direct or indi¬ 
rect role in all human activities 
o6ay. One of the eflccttve ways 
1 which science can be concerrted 
/ith the well-being of the society 
i in ils application for the main* 
mance of law and order in the 
Kiety as expressed in the constant 
igtl against crime. In this task, 
very brartch of basic sciences 
nd their methodology are being 
mployed to assist in the administra* 
on of justice with special reference 
» crime investigation. This entire 
^plied fi9ld of t«ieni'(ic activity is 
roadJy termed as ‘Korensic science*, 
hus the forensic .scientists of today, 
y virtue of their specialisation, work 
ith the law and oider agencies to 
Her expert scicniibc data on tangible 
hysicai objects associated with 
rime. This, In turn, helps to ob¬ 


jectively prove the innocence or guilt 
of a person in any crime. Although 
this specialised branch of applied 
science, in some form or the other, 
is more than a century old. signifi¬ 
cant progress has been achieved only 
during the last 40 yeara or so. This 
coincides with the period when 
science and technology made great 
impact on the human afftira In 
the world. Universal acceptance 
of forensic science as a basic arm 
of law and order set-up, and its ex¬ 
tensive use in all the advanced 
countries has made a significant 
impact on the society's determined 
efibrt to meet the challenge of alar¬ 
ming increase in sophisticated crimes 
and violence In fact todiy, it 
his become imperative that law 
an<l order agencies should be basi¬ 
cally assisted by modem scieatific 


aids as offered by foreosk scienc 
in protecting the innocent and pu 
nishing the guilty. The convtniioni 
reliance on the eye witness an 
the verbal testimony as a proof c 
guilt or Innocence are neither prat 
ticable nor reliable today. In fac 
society with lU present eongestiot 
mobility and complexity demand 
recourse to more objective scientif 
methods as a part of the crimiiu 
justice system than hitherto availabl 
Forensic science has given a ne 
shape to the methods of cricEum 
justice and revolutionabsed a 

important aspect of human socii 
activity. 

DevetopuMM of forsoak adcsca 

Nearly a century ago some is< 
Lated attempts vert made to u; 
the available acientific aod medio 


Dr. Buni is Dinvior of Ccniral Foceiuic Scicnee Laborsio^. C.g.l., New Ddhi. 
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nowledge in the invesiigition of followed by t Ubofttory for the though at a slower pace and with 
*ime by police forces in somecoun* ScolUnd Yard ia London In 1935. Im kophiilicaiion. Today the sub* 
its. However* this work was All these institulioni were genenlly jeci has wide accepts nee and const- 
lostly limited to simple chemical small and the subject gradually gai- derable investment in terms of men 
nalyies and medico-legal examina- oed ncognition over the yean, and equipment is being made in 
ons. The first organised break- However, the major (tilip in the held this held by many countries, 
trough came in 1879 when Alphonse of forensic science came after the 

ertiUon in France introduced end of World War U when ex- ^ forewle Kleact work? 

Anthropometry'*, a scientific me- tensive expansion of forertsk science For the investigation of crime and 
tod for personal identiftcation based losticutions was accomplished in its punishment by legal justice, in* 
n body measurements, etc. This all the advanced countries to creasing reliance today is being pta* 
rstem was universally replaced by a meet the mounting challenge of ced on the methods of science an< 
tore scientific and foolproof finger- crime invotving sophisticated fire- technology. In practice, whenevei 
rint system in the early yean of the arms. At present, nearly 200 a criminal act takes place, there ii 
resent century. Meanwhile, Euro- forensic science laboratories aid the always contact with tangible physi 
ean countries took a lead in the law and order agencies in USA cal objects of diverse nature whicl 
pplication of science to criminal (and even they ate considered in- involves transfer of trace material 
nvtstigation and some of the suffideitt) whereas even a small between the object and the perso: 
leers in the field were Professor country like the U.K. maintains 13 concerned. A forensic scientist i 
.acas&agne, Professor Hans Cress, such laboratories which assist the concerned with determination of th 
l.A. Reiss and Edmond Locard. polke and the courts. The position identity and degree of individualit 
xicard established the first forensic in other modem ccontries including of these tangible physical object 
cieace laboratory in 1910 at Japan is satisfactory and if there associated with crime. Suchanalysi 
.yon in France. This was followed is a deficiency, it is constantly and comparison may have to be pei 
>y other such laboratories in being made good. These deve- formed on a finger print, a foe 
icighboiiring European countries lopments have naturally also trig- print, sample of earth, cloth, chi 
iurmg the twenties. F.B.L labo- gered establishment of similar insii- of paint, metal or glass, etc. I 
atory in U.S.A. was surfed in 1932 tutions in devfloptDg countries eriminal cases involving injury to tl* 
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luouQ beings> such eunuMtioa Aod 
omparison would cover bones, fibm, 
lair, blood, totnen, saliva, tissues, 
tc. Tool and lyre marks, explosive 
eiidues, bullets, cartridpes, traces of 
toisons and narcotics are some of 
he other physical exhibits which are 
•fttn selected for analysis and corn- 
Arison. Such scieniihc data help 
stablish a link in (he chain of events 
ssociated with a crime. For ins* 
ance, if a hngef'print found on a 
tiece of glass is compared with that 
the culprit, il is a proof of the 
act that he had come in contact with 
he glass during commission of the 
rime. Similarly, a bullet recove- 
ed from the body of the victim 
an he accurately compared with 
imilar bullet fired from the weapon 
ecovered from the possession of the 
nurderer. The scieniiflcilly esta¬ 
blished connection of the spent bul- 
et to the weapon with the criminal 
s a significant link which may 
olve a crime. Semen group deter- 
nination and comparison as applied 
0 a mite suspect and the victim of 
ape. can similarly support the fact 
if the crime. Even negative match- 
ng in these cases helps eliminate 
ertain innocent suspects. These 
ibjoctive scientific assessments pro* 
ide factual data which correctly 
econstruct the events associated with 

crime. However, ii may be poin- 
cd out that forensic scientist in his 
brofeisional status is neither a wit¬ 
less for the prosecution nor of the 
iefence but a witness of the court. 
it provides independent scientific 
lata on which the court may place 
diance in final dispensation of jus- 
ice. Some of the broad fields of 
pplication of forensic science are 
ftefly discussed below. 

^bydeo^emlcal mefbods 

Physico-chemical analysis and com- 
arison of materials such as pirces 
r paint, metal fragments, soil, tibr^i. 
lass, plastki etc., utilise basic tech 
iques like emission specirography, 
uss-spectrometry. atomic absorp- 


tiofl spectroscopy, a-rty diffraction, 
x-ray fluorescence, infrared and 
ultfiviolet spectrophotometry. The 
composition (specially in respect of 
trace etemenls present) of these exhi¬ 
bits is determined and compared 
inter se and with standards, as requi¬ 
red. The new techniques such as 
neutron activation analysis have 
also been used to compare qualitati¬ 
vely and quantitatively data on trace 
elements in respect of objects asso¬ 
ciated with the scene of crime and 
tbc suspect. For instance, profile 
of trace elements in a flake of paint 
or glass at the scene of crime when 
found identical with that of the car 
paint or glass does prove that the 
said car was most probably invol¬ 
ved in the case. Microscopic exa¬ 
mination of minute physical evi¬ 
dences such as powder residues, paint 
flakes, fibres, hair, etc., has also 
progressed to include (he use of 
•canning eieciron microscope (SEM). 
This comparative lechntque gives 
stereoscopic magnification several 
hundred times more than those 
offered by conventional microscopes. 
Comparison of micro*surfaces by 
SEM also gives valuable proof of 
common identity. Use of gas-liquid 
chromitogriphy (GLC) is of parti¬ 
cular importance as this technique 
has been extensively used for micro- 
estimation of organic substances such 
as drugs, narcotics, explosives, paints, 
fibres, inflammable products, etc. 
Use of CLC with mass-spectrometer 
has made it possible to identify and 
esiimare even a minute quantity 
of a drug and its metabolites as 
present in blood, urine or any other 
materials. These methods have also 
been employed for routine estima¬ 
tion of akohni in blood or breath 
in cases of drunken cri^ng. Simi¬ 
larly. autv'cri.tr 1 mctlis>cU for ana¬ 
lysis of al>rho*. nircotICS. drugs, etc., 
in urine hkuxt luve been de¬ 
velops «r.»cr eivio^e routine screen¬ 
ing of hundreds of such samples 
daily. The largest portion of foren¬ 
sic science work is covered under 



**The first thin$ we have to fearh 
to foWow in the footprints of tl 
ertminah" 

this group and its horixon is evi 
expanding. There is increased en 
phasis on instrumental analysis ar 
automation though ordinary labon 
tories still use eonveolional teci 
aiques of physical and chemio 
analysis. 

BMogkaJ exanlBatlDiB 
In crimes involving body injur; 
murder, rape, etc., il is imperativ 
that the biological material assodt 
ted with perBon(s) should be exam 
ned and compared to provide ev 
dence linking (he crime with the cr 
minal. Forensic biologists not pnl 
determine whether a given stain 
of human blood bul also compare I 
blood group with that of the stai 
dard or known blood stain. Apa 
from the conventional ABO bloo 
grouping, specialised blood grout 
ings like MN, Rh, etc., are also use 
in this work. Furthermore, huma 
blood contains a number of specif 
enzymes in various polymorphi 
forms. Determination and con 
pa risen of blood enzymes such s 
PGM, AK, hepato-globulin, AD/ 
etc., have received considerable attei 
tion. In fact, today it is possible t 
malch the blood of the victim wit 
the blood stains found on the cic 
thes of the accused with gret 
ter degree of certainty by re&oriir 
to sophisticated serological and bi( 
chemical techniques (involving ele< 
trophortsis). Similarly, detectio 
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th» Mrtotat « tka crhM b«IM (M) «• ^ 

irifk) w^ Ite 


nd comparison of saliva artd are also being increasingly used for 


emen tnctuding iheir groupings art 
tandard techniques. Examination 
nd comparison of body hair 
ot only by means of morpbologKal 
haracteristics but also by neutron 
ctivation analysis (where micro 
neudic constituents like xinc, mer* 
ury, copper, arsenic, antimony. maa> 
anese, etc., art compared) has 
iekkd very useful results. Simi- 
irly. examination of tissues, teeth 
nd botanical drug materials inclu* 
ling wood, flbres, etc., have olTered 
aluaUe scientific evidence to iden* 
ify and/or connect the victim or the 
uspect to a given xocidence of 
rime. In fact **forensic odonto* 
ngy", a science dealing with identic 
ication and study of human teeth, 
las already made rapid strides as a 
eparate discipline by its^. By 
tudy of skeletal remains rele- 
«nt questions like height, age, sta« 
ure, sex, etc., of the person can also 
)e answered. ]f a photograph of 
he deceased is avaiiabie, the recovt- 
td skull is matched by the ^ulo 
mpcr-impoiition technique to esta* 
slish common identity. The modern 
lechniques like nditvinununo^usay 


detection and eslimatioD of drugs and 
narcotica 

Eanminitlon of flrtarme aai exph^ 
sites (forensic bolUitks) 

In crimes of murder, violence, 
sabotage, rioung, etc., examination 
of fire-arms (including explosives) >s 
a major f\»nction of the forensic ballis¬ 
tics experts. In order to determine 
whether a given crime bullet has 
been fired from a particular gun, a 
precision comparison microscope 
matches the striations on the crime 
bullet with those produced experi¬ 
mentally by firing a similar bullet 
from the suspect treapon. The 
photographic data provided is a 
fool-proof evidence on which great 
reliance is placed in the court Re- 
construction of scene of crime invol¬ 
ving firearms can bdp to pin point 
the manner in which a firearm has 
been used in a crime, revealing 
the truth. So far aa detection of 
explosives is concerned, apart from 
conventional methods of analysis, 
highly sensitive gas-liqukl-chroniato- 
graphic methods have been devet-o 
ped to detect even micro-quantities 


ofvoktUe explosives (TOT. RDX 
CE, etc.) using aiMnonitoring dc 
vkes. This equipment is being rou 
tinely used at airports and othe 
areas where danger of explosive mi 
luse exists. Letter bombs, recentl; 
a menace to the public, are ak 
studied by x-ray photography whil 
crnde country made bombs an 
grenades are identified even fror 
their exploded fragmertts. In 
search and analysis of debris foum 
at the scene of explosion is th 
latest approach by which the nature o 
explosives and explosive device usee 
can be accuritety determined. Delec 
tion of mkro-quantities of expbsiv^ 
residues (in terms of antimony 
lead, copper, bismuth, etc.) on th 
hands and/or clothes of the person 
by chemical analysis or by oeutroi 
activation analysis is another im 
portant tool which helps to provid 
important link when a suspect i 
involved in shooting. 

Dctectioe of do cum e n t frande an 
foegeriee 

In modern society crime is no 
liouted to that of vblence only 
The while collar crime today i 
a more serious menace whicl 
IS being effectively counteractei 
with the help of forensic scientist 
having expertise in documen 
examination *and science of fiogei 
prints. Cheating, frauds, embezzle 
menu, etc., often involve alteratsoni 
additions, erasures in the existin 
documents or by forging the entir 
document with an intention t 
cheat This activity may cove 
cheques, drafu, money orders, letter 
tickets, government orders, receipt 
certificates, export licences, univei 
rity degrees and a host of othc 
documents from which a gain ca 
be made by an unscrupulous pa 
SOD. Examination of such questk 
ned docunenu is a highly spt 
cialiied field in which not onl 
tte stereoscopic microscopy play 
an important rote but infrared an 
ultraviolet photography also hel 
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»rmdenUy in detecting erawres 
knd overariunge. For tneUoce» inkt 
ire opaque to iafrmrad rays to vary- 
ng degree dependiag apon their 
tatute and compoiiciofl. A coii>> 
mrison with infrared imag^^on- 
r el ief clearly reveals the alterations* 
iverwritings, etc., attempted by the 
wlprit. Use of thifi'layer chroma^ 
ography and allied techniques also 
leJp in comparison of inks while 
nper is analysed for iU fibres and 
nineta! used for sizing, etc. For¬ 
geries of handwriting are unearthed 
in definite scientific basis and even 
Ltlempts to disguise the handwrit* 
ngsean be rev rated. In fact, various 
ispecis of questioned document eu- 
nination efieciively help the police 
o fight the menace of white collar 
rime. 

KisMifc al^ li oriM leiMtf- 

catlea 

Apart from scientific methods and 
echniques discussed above, forensic 
cience aho helps the police Investi- 
laior in several other scientific fields 
vhich are equally important. Poly' 
•raph (Lie-detector) is a highly 
ophisiiciitcd inslrumeot which, on 
he basis of psycbo-physiological 
nalysis. is able to delect if a suspect 
s concealing certain facts associa- 
ed with a crime. Revelation of this 
:uilty knowledge has proved to be of 
ireat help to the police in their 
{Tori to solve a crime. It has been 
iftcn possible to obtain confessions 
ni ihe basis of data provided by 
he lie-detector. Central Forensic 
kicnx laboratory, New Delhi, 
or the past three years, has been 
oulincly using the lie-detector to 
ssist the metropolitan police in Delhi 
II criminal cases. Similarly, use of 
oicc-sjKctrograph for comparison of 
tinutn speeches has been utilised in 
uses involving demands for random. 
Qicab. bluck-mud. etc., especially 
i the USA. Ii« these ca^, by using 
De standard tcchii pie of voice 
pectrogruphy. il in po^iMe to pick 
pa suspect by graphic con via r»wn 


of the raeordir^ of his normal voice 
and the raconling of the incnmtnit- 
ing oonvemtioa. Use of photo¬ 
graphy IQ correctly recording the 
scene of crime and identity o*’ the 
objects and individuals has gnndy 
eapanded over years. Modem 
sophisticated cameras, movie 
canienu and video-tape racordir^ 
systems are being routinely used by 
police forces all over Ibe world. A 
scene of accident is sometimes photo¬ 
graphed even from a helicopter, if 
this would help to clarify ihe case. 
Movie pictures of rioting and other 
disturbances give valuable authentic 
information reprding the incidence. 
In fact even colour photography Is 
being incrucsln^y used for purposes 
of comparison and correct identity. 

U» of scientific cumparrson me¬ 
thods for tyre, shoe and too) marks, 
etc., has given valuable aid in cases 
of accidents, burglaries and thefts. 
These methods are standard tools 
in Ihe hands of forensic sciemists 
to reveal the truth. This ‘ is apart 
from science of fingerprint comps ri- 
son whose uiiliiy is beyond doubt. 



(a) An eccentric rich youngman 
was riHiml dead in his bed holding 
a pistol in one hand, while some 
cartridges urre alM> found lying on 
the side table. There was a sus- 
pfcioo of suicide but a strong motive 
for murder could nnl be ruled 
out. The police was balBed due to 
lack of suspects. However, solu- 
tton to the mystery was sought 
through sdenlific eaaminalion 
the physical dues. The bullet wound 
on the temple by its nature was 
confirmed as a contact wound (very 
dose range firing) by the forensic 
baJlistics espert. For this purpose, 
a series of esperiments usjng uno 
(her human skuU were conducted in 
order to duplicate the actual skull 
fracture. The *22 pitted on tho¬ 
rough etaminatioo was found lo 
be ddcctive with respect to the itig- 
ger mechanism. Caieful CTamiita- 



••ds thf irtmiHui ha.s /f/i no Jii 
ciur.% ht'hi/iJ. t/u* f-'ormsir ixiix*fut» 
Aut aJvisfJ tti to drptwd on romnut^ 
smsr tmtf trodttkmai ihethuts to irtt* 
thf iriminar' 

lion of the cartridges available o 
side iHble in the room rcveuled thi 
some of the caririd>!os bud firiii)' pi 
marks but iltey did not lire due \ 
detective trigger aciion. Kccom 
Iruction of Ihe scene of crime, coup 
led with laboratory data made it clca 
that the deceased wM not haw bee 
Jvhot by another pcr.von from cootoi 
range when several cartridges hud i' 
be tried before one got fired to kill 
The only other povsi hi lily wus that h 
com mil led suicide hy rc^KMlcdl; 
firing the defective wcap«)ii till onx 
of the buileis pierced hi> head 
The seienlific eiamiiiiition with res 
pect lo physical evidence was caincc 
oul months afler the irrcidcncc am 
U offered a good proof that ibcit 
was very little scope for foul pluy. 

(b) A Biilish nurse who laiidei 
at Delhi airport hired a lasi. fhi 
taxi driver, however, took her to i 
loody place where she was raped 
robbed and Iheo murdered. She wai 
carried in Ihc luggage bool ot* the 
Uxj lo aiM>ther location where ar 
uiuuotssful attempt was made tc 
burn the body. The police on in* 
quiry were aMc lo interrogate the 
vuNpcct but hr denied the charge, 
However, Ihi* l.i\i vku.** hn>ught Tor 
thorough examoMtioii to the Central 
Kortfisac Science l.aboratory. New 
Ddhi. On very carelul examina* 
tion. Mood NUiiricd earth and some 
fibres were adkvied from the lug- 
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{Age boot. On careful microscopic 
sxamination. woolen and other man* 
nade fibres of several different co* 
ours were found which matched 
vith similar fibres from half burnt 
op coat of the nurse. Similarly, 
races of blood of human origin 
ould also be detected in earth 
weepings collected. This indicated 
bat the dead body had been dum* 
led in the luggage boot and then 
Iragged out of it. These scientific 
indings fitted into other facts of the 
ase and the culprit ultimately 
dmitled the guilt. 

(c) Use of gasOiquid chromato* 
raphy in micro-detection of petro- 
ium products and other inflam- 
rtable liquids helped to solve a tricky 
ase. A burglar set-up a small fire 
1 his hut, using kerosene, in order 
0 scare the raiding police party 
t'hich had come to arrest him at 
lid-night. However, the fire flared 
p and his pregnant wife received 
irious burn injuries and later died 
1 the hospital. The crimisat tried 
> shift the blame to the police and 
ccused them of setting fire to his 
ut by throwing petrol on it from 
ulaide. Considering the sensatio* 
at nature of tbe ease, the police 

im 


officers immediately called the foren¬ 
sic science experts to exaimne the 
area and other ankles allegedly used 
for arson. Burnt residues of cloth 
which was used to start the fire and 
the sample of earth floor underneath, 
when examined by OtC, esUblished 
the presence of kerosene which was 
also qualitatlvdy identical to the 
bottle of kerosene available in the 
hut. The sutement of the culprit 
that tbe police had set fire to his 
house by using pelrd was also not 
substantiated as no trace of petrol 
residues was found in any o( the 
exhibits collected from both inside 
and outside of the but. The police 
action was cleared. 

(d) Tbe wife and a Itttk daughter 
of a senior government officer were 
robbed and murdered by two young 
servants of the house in multi-storey 
flats at R.K. Puram, New Delhi. 
No clues whh respect lo fingerprint, 
footprint, blood stains, etc., could 
prove helpful in apprehending tbe 
criminali u all persons involved 
lived together. The servants com¬ 
pletely denied having committed the 
crime and also no proof to the 
effect could be obtain^ by the polka 
even after exhaustive aeaith and 

Sti 


interrogation. The suspects wen 
asked to take a liMleiector test ani 
their response clearly showed (ha 
they possessed guilty knowledge 
regarding the murder of these tw< 
innocent women. There was aisc 
indication that (hey were hidinj 
the truth in other related matters 
Confronted with (his data, (he sus 
pects broke down, confessed (hei: 
guilt and (he stolen ornaments anc 
money were recovered from (l»ii 
hiding place as a proof of Iheli 
having committed the crime. 

fe) A social worker received t 
normal certificate of commendatior 
for his work from a Minister. Ht 
kept the signature of the Mxnisiei 
intact but chemically erased rest ol 
the text. He then addressed a lettei 
on the same letter paper to the heaii 
of a pubJk limited company askini 
them to give him a job. This 
letter was apprehended and a careful 
examination of the documents reveal* 
ed that the original text had beeo 
chemically erased. To conduct chit 
lest, ultiaviolet photognphy was 
used. Secondly, the baodwritini of 
the suspect was also matched with 
the forged writing by which he wanted 
to secure a }ob. 
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SJilius ul fnrvosic scit'iicv ifl IhUm 
UhJtr tile sv^lcm ot ju^tuv. 

I <»i''.cinmcni (‘hcniMil l-‘k:«miricr'N 
,iihur;U(iry vv;is i;si.»hhNhi.Hl m r:»l- 
uttu, us curf> Us IS^V lolliiMCiJ by 
imilur Utboniiotics tn Mudrus. 
kinihuy, Ijhorv utid Ajsiw these 
mall nscjo esscniMlIy 

neuni Tor siin;>k cliciiikul ami riMi* 
ological unuJysi' id viscera us u 
itip in the meciico-lcgaleases. This 
yviem wus later siippi>ricJ by ilie 
crnlogist umt Chemical I:xaminer to 
he Ciovernment of India. Cuk'uUa. 
j«Ublj&hed in 1910. An olTke of 
he Govern men l Examiner of Ques- 
ioned Documents was also 
published in Simla in 1906. 
Tngcr Print Bureaus wvre e^Lib• 
shed in all the States by about 
910. These facilities were, however. 
udimenUry and had a very limited 
npact on crime investigation. 

Considering the growing import- 
nee of forensic icierKe all over the 
'orld. in post-independence India the 
rst Stale Forensic Science Labora- 
)ry was established at Calcutta in 
952 by expanding the then existing 
lovernment Chemical Euminer*s 
aboratory. Government of India 
Iso established a Central Forensic 
:ience Laboratory at Calculta in 
)57. Slates were also simultaneously 
icouraged to set-up (heir own State 
irensic science taboratories. As a 
:suit of all these efforts, the 
{Mowing forensic scier)ce instilu- 
ons are today available in the 
>untfy:— 


States hifTing fofeftsiv u'irn4e 
/j/n/ut/orie\ ■ Bengal, Maharashiu, 
lamil Nadu. Karnataka. Andhra 
IVudcsh. Gujarat. Uttar Pradesh. 
Ihhir. Mddhya Pradesh. Kerala. 
OriNNji. Rajasthan. Assam. Jammu dt 
Kashmir. Haryana and Union Terri- 
Utr> of Chandigarh. 

( 'i’Htrai forensk siiettve insti- 
tutttms: Central P'orensic Science 
Laboratories at Calcutta. Hyderabad 
and New Delhi. Govt. Examirwrs* of 
Qucsriiined Documents Laboratories 
at Simlu. Cuk'ulu and Hyderabad 
Serologist and Chemical Examiner 
to Covi. of India. Calcutta. 

The above institutions are 
under active expansion in order to 
make their services available to 
crime invesliptors. Regiortal and 
branch laboratories of these main 
institutions are also available or 
are being proposed Apart from 
these. The Institute of Criminology 
and Forensic Science, New Delhi, 
established in 1970, undertakes 
iniervice training in various specialis¬ 
ed fields of forensic science. Univer¬ 
sities at Delhi. Madras. Karnataka. 
Patiala and Sapr also conduct post¬ 
graduate diploma and degree courses 
in forensic science. The Indian Acade¬ 
my of Forervic Sciences, established 
in 1961, represents the profession in 
the country. However, the present 
progress though sipificant still falls 
short of (he loUl needs of a country 
so Urge as ours. We may need in tlie 
near future around 200 such taborato¬ 
ries if we have to provide adequate help 


to police in scientific crime mvestig 
tion. Government of India has give 
a special loan<um-grant assistant 
to the Stales for modernisation < 
their police forces and nearly Rs. 
crores of this aid has pne int 
equipping the State Forensic Scienc 
Laboratories with (he latest setentifi 
equipment during the last six year 
However, considering the basic role < 
forensic science in criminaf justice, th 
present effortK and investments net' 
several told increase. This is on 
aspect of this applied science whic: 
has given rich dividends everywttt 
We cannot alford to neglect iu deve 
lopment if we wish to achieve a hig 
»tand*rd of criminal justice. 

Farther reading 

1. Kind. Stuart end Overman 
Michale, Science Against Crime 
Piers Stanley. U Southvilh 
Terrace. Ripon Road. Harrogate, 
Yorkshire, England (1972). 

2. Walls. HJ., Forensic Science 
Sweet & Maxwell Ltd., 11 Ne^ 
Fetter Lane. London (1968) 

3. Kirk, Paul L., Crime Investiga* 
tion^Phystcol Evidence and the 
Fotke Laboratory, Inlersciencc 
Publishers, Jnc., New York, 
(1966) 

4. O'Hara, Charles E. and Oster* 
burg. James VI.. An Introduction 
to CriminoUstks, Filzhenry dt 
Whiteside Limited. Don Mills. 
Ontario (Canada) (1972). 
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BOUT two hundred minion years 
&fo, the reptiles b^u to invade 
li the three media—land, v«ter and 
te air. This was possible because 
r their ecological advantage over 
keir closest competitors, the tmphi- 
ians. The reptiles were no more 
ed to water to lay their eggs» because 
ley had developed a shell around 
le egg and also during development 
K embryo became surround^ by 
series of membranes called em* 
ryonk membranes which alforded 
rotection, even from deisicaiion. 
During this age of reptilian radia- 


the phytosaurs and the crocodilians 
who share many common features. 
They eahi^t a convergent evolutiort 
towards excellence In secozKiary aqua¬ 
tic life. While the crocodilian! still 
have three surviving families, the 
dinosaurs and the phytosaurs have 
become extinct. Today the crocodi- 
Uans form one of the four surviving 
reptilian groups (Orders: ChtlonU— 
Turtle and tortoises, Rhyncbooe- 
phalia—the tuatara. Squamata— 
snakes and lizards and the Crocodi- 
lia). 

Tite earliest known crocodilian 


emerged from some Thecodontia- 
group ijicluding forms like phyto 
saurs. During the course of ft 
evolution it gave oft many sid 
branches, which are now ^\tincl 
The forms existing now diffe 
coiufderably in their morphology 
anatomy and physiology from Ihei 
easiest representatives. 

Livlai (rocoditiaas 
The Crocodilian order constitute 
three living families—/4//ig<rmrjV/(ar 
Croeoditidae and Ceviatidae. Thi 
AlUxQtoridoe includes alligator 




Until recently, crocodiles were found in large numbers in India and 
elsewbere. Tbey are depleting fast due to indiscrimiaate hunting 
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ion (Mesozoic era), there appeared 
ht most gigantic forms of the animal 
istory—the dinosaurs, the 'terrible 
zard', though in no way they had 
ny direct phylogenetic relationship, 
e.. any direct evolutionary follow up, 
oth ihe li/ards. Contemporary to the 
intmnri: were two groups of reptiles 
'hkh h;id swny over the aquatic 
nvkronntCKl. Ihosc mptilev were 


is Pro/erochampM barrhnurfoi. This 
was discovered in Western Argentina 
in fossil beds dating to the middle 
Triassk (about two hundrtd million 
years ago). Other early crocodilians 
were Sphmosuchus from South Africa 
and FfofAwkus from Arizona, etc. 
or them the best known U Froto- 
nnhui. Two hundred million years 
ago the most primitive crocodilian 


and caimans. The characterist 
feature of (he family is Ui 
broad short snout and the p 
on the upper jaw providing space t 
hi the fourth tooth of the lower jav 
Alligators are found in (he Souther 
United States {A. mississipi^sis) an 
China {A. sinensis). Tlw caiman 
which differ from alligaiors in havir 
overlapping ventral scutes, are four 


I*'. Siii>:l» u nktt.M >1 (ilkirkil Kwsirvh 4od Conservation tWl, TikwradS'159122 (Orls'j) 
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MM and 4Mni •miM-€nsie4 makeap fwaa Ihe dKltanbUnK fatlara for 
cfocodJlIaas. IM tall H illll a Irtndan* ontaa ataay paopfe 


1 Central and Sduthcrn United 
tales. The Americiin olligator grows 
> four metres in length. The black 
mman {Meiwwsurhu.s nigvr} grows 
) 5vfi metres and is the longest 
aiman. The broad nosed caiman 
Caiman fatiroxtris) o( Eastern Brazil 
ivers grows only lo iwo met res in 
^ngth. 

The Crocodilidde includes the 
rue crocodiles (Croefn/yiux sp ), the 
Iwarf crocodile (Osteoiaimux sp.) 
nd the false gharial (Tomixtoma 
cMfgefi) They are found ell 
iver the world excepting Europe 
/here the climate is too cold for 
hem. There are fourteen species 
f crocodiles. The false gharial it 

flsh^cating crocodile with a long 
nout having four rowi^ of teeth, two 
1 each jaw. They occur in Mala- 
asia, so are often called Malayan 
harial. Because it has a superficial 
(semblance to the Indian gharial in 
aving a long snout, it is called false 
harial. The false gharial grows 
d a length of hvc metres. It is said 
!> actively pursue its prey in contrast 
.> the Indian gliunal. Tlie mandi- 
ular symphysis (the line of function 
etween right and left halves of the 
>wer jaw) is very long, extending 
ack to the level of rourieenih or 
rteenth teeth. In (he gharmi it 
oes not extend beyond ihe eighth 
>oth. 

The Indian gharial Oaxutits ganf^vh- 
XT ia the sole surviving member of 
i family Oavialidac. Its naiuni 
ibiUl is Che Himalaya n-fed rivers. 

is a natural species occurring in 
lepal and in the North Indian rivers, 
.iver Mahanudf of Oriisa is the onlv 


river outside this region to have 
gharial and it once harN)U(ed one 
of the best gharial populations. 

iBdiu crocodilcft 

in India, there are two types of 
true crocodiles and gharial. Onssa 
h the only stale today to have all 
these three species. Of the two true 
corcodites, one is estuarine (estuarine 
or salt water crocodile) and the other 
is fresh water (Mugger or marsh 
crocodile). 

The estuanne crocodile (Croroefyfar 
paresus Schnieder) is widely distri¬ 
buted. In India, only two popula¬ 
tions have been left, one is the 
Bhilarkanika Island and the adjacent 
mangrove areas of Orissa and the 
other is the Sunderbans of West 
Bengal. It grows to a length of 
seven metres. 

The Mugger {Crocodyius palusrrit 
Lesson) is widely distributed in India. 
It grows to a length of five metres. 
In contrast to poraxus. they have 
four prominent post-occipital scutes. 

The genus (Jafialix for the Indian 
gharial Gaviolis gangttkvs (Cmelin) 
is the Latinized version of a misspelt 
Gharial. The name takes its origin 
from the presence of an inverted 
pitcher-like structure round the no^ 
tril at the tip of the long snout in 
males. In most of the north and 
cast Indinit <t.'itCN. a nitchcr is ctillcd 


a ghara or ghari. The ghari 

believed to develop after the ma 

attains a length of about 2.S metre 

During breeding season the ma 

gharial is very noisy. The sour 

produced is a combined effect ( 

vocal and nasal sounds. Probabl 

the ghari serves as a resonating orga 

for the nasul sound waves. Gharii 

reachev a length of eight metres. I 

India, the Saikoshia Gorge of Bivt 

Muhanadi (Orissa) is one of the be; 

gharial habitats. The Satkoshi 

• 

Gorge with ils number of deep pool 
of flowing water, good sand bank 
for basking and nesting and a goo 
flsh population is an ideal gbarii 
habitat. 

The ghar iais are harmless to huma 
beingv. People living around th 
Satkoshia Gorge haw a balance) 
relationship with the gharial, neithe 
interfering in the other's activities. 

Characters 

Crocodilians are amphibious—the 
live in water but come out to basi 
As an aid to their aquatic life, crocc 
dilian eyes are equipped with a thir 
eye lid, the nictitating membran 
which moves across the eye i 
protect them during submergenc 
without interfering vision. The hin< 
limbs are webbed. Crocodiliani 
like mammals have a four<hamberc 
heart, found in no other reptile. 

Ciucodilians lay their eggs eilhe 
under the sand or in a speciall. 
prepared ne&l of slicks and dea« 
leaves. In genera), those nestin, 
during the dry season nest in sani 
banks (gharial and mugger), wherea 
monsoon nesters build the nest a 
a mound on the ground, because th 
banks are flooded during that time o 
the year iporoxus). 


Crocodilian*; reach maturity a 
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n age of six lo (en years. Usually 


lere is no obvious exicrnal sexual 
tmorphism. When ihey are about 
S cm long, (he genital organ can be 
:U in males by probing into ihe 
:‘nt. Ii is imeresimf (o note ihai 
re gharial is (he or>(v crtvcuhhan lo 
i^vc a marked distim tion bei»X'ea the 
•\vi • (he presence <>r (he nhttfi in 
H’ male. A newly matured female 
s(arl faying eggs a( (he me 
f about 20 per annum. Only one 
luleh of cfps is laid once a year. As 
1 C remafe grrms older and larger. 
Cl* egg laying capacity incieases. in 
^mr ^pcclc^ i( is hundred eggs. 1 he 
vciage si/c of an egg is 5 cm (o 

cm long. Ihc incubation period 

(wo to iwo and a halt monihs. 
■'hen born, (he hatchlings art about 
9 cm in length. There is a high 
lortality percentage during the hrsl 
rw months of hfe. (>rowlh rale 
upends on temperature ancf food 
Dppiy, The life span of crocodifians 
lay be over a centiiiY. Ortce they 
gc4)mc \Arft, owr a nvMrc in length, 
icy hu'C m> suc'CCssful enemies 
see pi man and other croc od ilia ns. 

be* present pnsitioa in India 

Until laic ninelccn hundred and 
flics (ToccKJdcs were in large niim- 
crs. .After that the entire crocodi- 
an order has fuccJ ciUical depletion 
o(h in India and outside. SurvivaT 
V Mime species like the ('uban 
riM*iv1i]c (CftM-oJy/ux rhonthi/rr), 
ndiun gharial and Ihc false gharial. 
tc . is in jeopardy. 

1 Itc main cause for (he dcpieiioo 


is exlcnsive hunting for Ihc extremely 
valuaUt hide of (he crocodilians. 
Hunting for (heir skin has also been 
the main cause for (he destruction of 
Indian crocodilian populations. 
Gharial populations in India have 
been greatly affected due to habiiit 
alienation through construction of 
dams and concrete embankments 
destroying nesting grounds. 

Introduction of new fishing 
methods by using nylon gill rtels is 
another serious reason for the loss 
of crocodilian populations in India. 
These nylon nets, which are s:t in 
the evening and taken out the next 
morning, prove fatal to the crocodiles 
and the ghariah as they quickly drown 
due lo struggling. If they escape 
drowning in the water, they arc 
clubbed lo death lo save the net. 
Also, ddiberate killing of mug|H*i 
crocodiks in India with (he miv 


coTKeptioA that it would promote 
fehery has greatly reduced theu 
numter. On the contrary, crocodiles 
help to increase hsh population. 

IbAm cvKeia 

Becoming increasingly concerned 
about the dwindling crocodilian 
populaiioA in the country, the 
Government of India banned their 
kilfinp and export in N.^K. The 
formulation of the WilJliir fVoko 
lion Act (I97J), now adopted by most 
Indian states has strengllH*ncd (heij 
security. It is illegal lo pt^xscss any 
live captive Indian cn c ■diliau oj 
any pan thereof in any forin, wilhoui 
authority from the <*hicf Wildlift 
Warden of the Stuic. Pcnstly (firs: 
offence) K mandnioiy imprisonmcn 
for not less than mx months togcthci 
with a line which vhnll lun he Icssihui 
Rs 500.00. huriliL'i. mi olVcncc rclat 
ing lo hunting rn » saitclmiry or r 
national park xhuH iiitracl minimuir 
penalties of douhic the above. 

During a ihrcc nioiilh mission K 
India, May lo July 1974. Dr H.R 
Bustard of FAO invcsiigatcd th( 
status of all three Indian crocodilian! 
and in his rcporl rcfcrc'^ lo it. lii 
reported (hat the ghariah arc on th 
verge of ex (i net ion and couUl oiil 
be saved by active managemer 
icchniques operated in associatio 
with specially created sanciuark 
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Hk H«td of ucBfiurine crocodile 


vhef« poaching could be conirolled. 
Unce gharials occur only in India 
ind Nepal, Government of India 
ihowed immediate concern. He 
eferred to the mugger aa a depleting 
pecks, not yet endangered and still 
)resent in most statea, but disappear- 
ng faster than it can reproduce it- 
elf, He recommended the develop- 
nent of pilot projects in West Bengal 
ind/or Orissa, In April 1974 the 
>rissa Govcrnmenl (Forest Deparl- 
nenW had decided to protect the 
tharials hy Appointing two local 
ollagers of tbe Saikoshia Gorge as 
tuards, Following the experts' re- 
:ommendation, an integrated scheme 
>n crocodilians and sea turtles was 
tarted in Orissa in April I97S and 
low the number of gharial guards 
las increased to ten. 

A^ork ia Orisaa 

Being master predators, large 
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crocodilians are quite safe except 
from man. At the egg stage crocodi¬ 
lians have many enemies such as 
monitor lizards, jackals and even 
tribals who relish it as a food (the 
tribals are most organised and effec- 
live). All eggs in a nest are not 
fertile. Only a part of the fertile 
eggs can be expected to hatch. The 
young hatchlings too have many 
enemies^lish, birds, nets, more parti¬ 
cularly the nylon set nets. During 
the fir^t year of development a large 
number of hatchlings are lost. Some¬ 
times the survival percentage is nil. 

For the ^arials the Orissa Govern¬ 
ment has a gharial rearing project 
at Tikerpada, a village four and half 
km downstream (he beginning of the 
Satkoshia Gorge of the River Maha- 
nadi. An area of about 950 sq km, 
having the Satkoshia Gorge as the 
sanctom sanctorum, has been declar¬ 
ed a sanctuary for the gharials. The 
estuarine crocodiles are similtriy 
reared at Dangmal in the Bhitar- 
kanika mangrove surrounding. This 
area has also been declared a sanc¬ 
tuary. The station for the mugger 
is ready to be started at Similipal 
Tiger Reserve oTMayurblianj district. 
Another sub-scheme at iht State 
Biological Park at Nandaokanan 
intends to captive breed and battery 
farm all the three species. A large 
2.7 million litre capacity pool has 
been constructed for the gharials. 


Ec«m»ic poteaUal 

Crocodiles reared for commerd. 
purposes are slaughtered at the at 
of three years. However, the ca 
with gharial may be quite differeD 
The demand for the skin was tt 
cause of extensive illegal huntio; 
The skin is used for making shoe 
bags and belts, etc. The tribals e 
the meat. The meat is believed I 
be a cure for asthma. 

Though we think that crocodili 
are voracious fish-eaters and ar 
detrimental to fishery, the truth 
son>ewhatdilferent. Fintly, crocodih 
do not eat much food. Second! 
they live mostly on coarse fish whic 
are predators to other fish, fish fi 
and fingeriinp. Also, crocodile 
are known to feed on fish-eatir 
birds. It is interesting lo note ihi 
others are now abundant in Corbe 
National Park following a marke 
reduction in mugger-gharial number 
Others are very deeiruclive to fisher 
because they kill three times ih 
number (hey consume and eat muc 
more than crocodiles do. Sma 
crocodiles (not gharials) eat man 
invertebrate predators of fish fr 
and iingeriings. Examples of sue 
invertebrates are the giant water but 
{Beiostomidae), nymphal drago 
flies and voracious water beetle 
{Oytiscidae), etc. 

Firtare of (be eroeodiliatts 

In India several states are doi 
active in conserving tbeif last crocc 
dilian populations. Presently, mot 
notable are Orissa and Uttar PradesI 

Among the Indian crocodilians tb 
status of the gharial is most threatet 
ed. Let us preserve these gharial 
of elegant golden look! 
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Solar system—origin, and smaller 

bodies 


r lNY drops of water make an 
ocean. This proverb, whkh is 
ased on a terrestrial observation and 
; fi^uently used in literature* now 
Btms valid even beyond the peri- 
'hery of our earth. Astronomers 
ow say: *Tiny bodies of matter 
lake the solar system* or for that 
latter, any star system.’* 

Until recent years smaller bodies 
n the solar system were of little 
ignihcance to astronomers. Their 
tlention was drawn towards objects 
jgantic in size and complex in mys- 
ery. The origin of energy in surs, 
Iructure of galaxy* nature of the 
iniverse as a whole, etc., were some 
>roblems they were busy with. The 
iny chunks of matter lying in our 
jackyard as satellites, asteroids* co¬ 
nets. meleroids* planetesimals. and 
vhat is known as *'space debris** 
escaped serious notice. 

Although some smaller bodies have 
t>een known to astronomers for 
ong* the interest in them revived 
3nly recently^partly due to inter- 
l>lanctary probes and partly due to 
ihe development of infrared spectra 
icopy in World War II- The data 
gathered from these studies revealed 
dmilarities between the smaller and 


the bigger bodies. For instance, 
the surfaces of planeu that we could 
study and those of smaller bodies 
were found to have many craters. 
An ordered sequence has been found 
between the bodies of the solar sy¬ 
stem and the pUoeury systems. Just 
as the sun has inner smaller planets: 
larger outer ones, and then ibc irre¬ 
gular comets, the planets too have 
small inner satellites* large interme¬ 
diate satellites* and then the outer 
irregular satellites. These two simi¬ 
larities have particularly caused a 
stir among the astronomers: Does 
there exist a link between Ihe lesser 
and the bigger bodies? Could this 
link tell something about the past? 
It should—just as analysis of a drop 
of water reveals the history of Ihe 
ocean it has been taken from. 
OrigiB of tbe solar system 
The latest model {Scie/ttific Amfri- 
can. Sept.* \ 97S) has been an outcome 
of the studies of the bigger and the 
smaller bodies in respect of their 
mass distribution* chemistry, crate¬ 
red surfaces* and arrangement about 
Ihe sun. How the model tecounls 
for every type of the bodies, parti¬ 
cularly the smaller ones, has lo he 
seen. 


It has been observed that mass 
distribution is statistically irregular 
among large bodies. With the dec¬ 
rease in size* there appeal > a uniform 
paiiern. Why is this Two fucu 
provide clues lo Ihis pattern. First, 
due to collisions (wc presume there 
were* violent collisions during the 
birth of the solar system) a Inxly. 
depending upon il» nijux. breaks 
into a number of pieces. The larger 
the body, less is the fikcliluhnl ol 
Its losing much mass by c^»Ilisioii with 
a smaller body. If the other body 
is also large, it would break Intc 
a smaller number of pieces than iht 
number of pieces a smaller bsKl> 
would break. Secondly, the lar 
ger the body the more massive it is 
Hence, it fs gravitationally hi^'hl) 
potent. As the size increases, tiu 
body grabs more of smaller bodic; 
in its sphere of inlluenc'c from ih< 
surrounding space. 

It is clear that a body, afici luis 
ing acquired a threshold mass, wouU 
continue amassing matter uniii i 
becomes a planet. That is why \hi 
large planets are overabundani ii 
mass. Those bodies which did no 
reach the threshold size might hav> 
been shattered into smaller pica's o 
dust. In so far as the chemist ly o 
the bodies is concerned, it is cm^ig' 
to say that it depends mainly on 0i 
local temperature and gravh.iiioiir 
held (for details, see Origin of snl.i 
sycten, S.R., Oct. 1975). 

Tbe model 

The model is not a Fynoihcsj 
based merely on logical assumpiunr 
There are evidences in ihc iniiver> 
that support il. It deals nol onl 
with the formation of the solui sv* 
tern but also every kind oi .star sy. 
tem that exists in the universe. 

Consider three systems, A.B .'ii 
C. where cooling dust clouds (nk.LH 
lee) are evolving around hot Miiri 
However, all the ihrcc have a didercr 
initial condition: micro-sized dust 
present in Kyslem A In the lowe 
amount, highest amount in sysiej 
C, and intermcdiiiic amount in sy 
tern D. Sonte young stars covere 




CfENCT SPE^^RU^^. 



arlially or totuUy by infrared emitl* 
ig cooling c1oud» have been obser- 
rd to be in such state}. It is belie- 
ed they are evolving planets or 
nailer bodies. 

With the passage of time, the mic* 
)n-sized dust coalesces to form sub- 
ilomeler sized bodies. They either 
reak or coalesce to form small 
articles or larger kilometer-sized 
odies as the case may be. As the 
rocess runs, bodies of varied sizes, 
aving different velocities, are for- 
ltd, These asteroid-like entities, 
ecause of close approaches, alter 
ich other's orbit and, because of 
ilfcrent relative velocities, interact 
) collide and coalesce. So there 
nsues a see-saw competition bet¬ 
ween the pr<Kess of fragmentation 
nd coalescence. Those bodies 
'hich have acsiuired a threshold mass 
ecome planets, while (he real re- 
min u$ sm^illei bodies. 


In system A, the bodies would not 
grow more than a kilometer in size. 
The star in such a case would have 
only a stream of smaller bodies mov¬ 
ing around it In system C, the 
bodies would grow to immense sizes. 
The star would have only planets, no 
smaller bodies, and. moreover, it 
would not be alone; the system would 
have two or more stars together. 
Such multi-star systems, which form 
almost half the stdlir population, 
would have such planetary systems, 
so claim the astronomers. 

The outcome of system B would 
also be intermediate of the above 
two systems. It is representative of 
our solar system as it contains smaller 
as well as larger bodies. The reason 
for the presence of the asteroid belt 
and irregular comets, of whkh the 
evolultonary process does not throw 
tight on, has been given by Ernst 
Opik and a group of scientisu. 


Though Opik has accounted for tl* 
presence of irregular comets an 
other scientists have explained tt 
asteroid belt, all have attribute 
these bodies to the gravitational Bel 
of massive Jupiter. The irregula 
comets, according to Opik, are tb 
bodies at the outer rira of the sole 
system which when still cold wer 
scattered by Jupiter further awa 
from the sun in the early stage c 
evolution. As Jupiter scatters plane 
lesimals outwards, it also divert 
some of them towards the inner soli 
system. A large number of ther 
scattered to a point between the o\ 
bits of Mars and Jupiter, where Jit 
the asteroid belt, would not allow 
moon-sized body to rrmain unaffet 
led and alone. They would ince! 
aanily bombard it to produce 
swarm of smaller bodies, as th 
asteroid belt is. 

What became of those bodit 
which could neither become 
planet nor an asteroid or 
comet? They were influenced b 
planets to either collide with thet 
to produce craters or shatter the: 
satellites producing rings < 

around Saturn) or become the 
satellites. Lastly, those unfortt 
nate ones, which strove to grow b( 
remained micro-sized when the evo 
ulionary process was near the en 
were either influenced by the su 
to merge with it (Poynting-Robertso 
effect: small orbiting particles whe 
exposed to radiation have a net it 
ward flow) or were thrown out int 
the interstellar space to be referre 
to as interstellar dust. 

Here it is pertinent to mentio 
that until recently the presence c 
interstellar dust in space that ret 
dens the stars wai^ unaccountabJi 
It is because the interstellar spac 
contains too less atoms to coale! 
cc and form dust. Now, it is obv. 
oui from .the above discussion ihs 
the source of this dust is, tn fic 
those young stars where the pi 
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aeUry evolution is in progress. 
Iff eod on, dust is tbfovm iwey u 
erbnge that accumulates in the 
iterplanetary specs due to colUdiog 
lanetesimals. Solar wind is like 

broom which sweeps clean the 
oUr system of this garbage. 

imalkr bodka 

It is now easy to explain that ne- 
ulae dust settled down to make the 
olar system. We will at present 
iscusB only the smaller bodies pre- 
tni in the solar system as satellites, 
steroids and comets. Here and 
Itere. some anomalies are present. 
*hey are still beyond comprehension. 

Moon. This atellite ^ earth is 
musually large compared to its 
earer. As its material tallies with 
liat found on the earth's surface and 
ot with that inside, it is claimed to 
lave originated from the earth, 
'be impact of a large body knocked 
l out of the earth some hundreds 
if million years ago and since then 
t is in its orbit. In (he initial stage. 

. crust enveloped it due to partial 
leating and melting. For the hrsi 
00 million years of hs life, it was 
leavily bombarded by planetesimals, 
ome even more than 100 km in 
liameter. About four billion years 
igo, the bombardment declined and 
ome parts of the cratered primeval 
tust melted and lava inundated it. 
Even today the bombardment is on, 
hough it has diminiihed constd- 
irably. 

In Canada, some terrestrial fossils 
>f craters have been found by geo> 
ogists to be about a billion years old. 
faking into account the earth's gra< 
nty the intensity of meteoroid bom¬ 
bardment has been found nearly the 
ame as that found on moon diiring 
be same period. 

Apoih ^terouis. It is a group of 
lateroids, named after one of its 
nember, (hat sometimes intersects 
be orbit of earth round the sun. 
rhare always lies a randotn probabi¬ 
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lity that any one of them geu deflec¬ 
ted off iu path to crater earth or 
moon. Toro, ooe of its members, 
has been found to have chemical 
properties similar to those of L-type 
chondriie meteorites that have cra¬ 
tered earth. It is now claimed (hat 
the source of these meteorites must 
be Toro. Some pieces might have 
long back been knocked off it, that 
consequently cratered earth. Stud¬ 
ies are, therefore, in progress to 
link the origin of meteorites to u- 
teroids. 

of Mars. Though its 
two satellites, Phobos and Deimos, 
have been cratered, they do not theo¬ 
retically seem to have been captured 
^'fugitives'* from (he next-door aste¬ 
roid belt. (I hat been theorited that 
they are the remains of a satellite 
that was once orbiting the planet. 

Asteroid Mt. In accordance with 
the Bode's law of spacing, the aste¬ 
roid belt —a swarm of smaller bodies 
between (he orbits of Jupiter and 
Mart—is closer to Mars than Jupiter. 
These are Che bodies which never 
reached the threshold size during the 
evolution to accumulate ntass and 
form planets. 

Ceres, the biggest amongst them, 
almost twice the size of the second 
biggest asteroid, Pallas, having a 
mass equivalent to sum of all aster* 
Olds, is taken as an advanced plane- 
tesimai that had reached the threshold 
sice when the evolutionary process 
stopped or was about to conclude. 

Prom the spectroacopic studies, 
the asteroids can be categorised 
into (wo dasses: those which are 
stony iron and those which contain 
carbonaceous chondrites. 

The stony iron ones, which form 
the ten per cent of entire asteroid 
population and which are nearer to 
Mars than asteroids of the other 
dan, are considered u the remnants 
of metallic cores of disrupted pl¬ 
anets. it is a well-known fact that 
during the ev^ulioa. bodies were 
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regularly heated and melted, so a 
to segregate into heavy and ligli 
materials; while the heavy materii 
settled to (he core, the light on 
surfaced. When such a body wa 
continuously ahaciercd, the oute 
material got chopped off. leavin 
only (he iron core. At the termino 
tion of, or during the evolutionar 
process, these iron cores were grav: 
tationally influenced to flock u 
gether in the asteroid belt. 

The carbonaceous chondrrte asi 
eroids contain even water in abur 
dance in various chemical form; 
As the chemical composition of thes 
bodies is similar to the materu 
which (he dust cloud that created & 
solar system formed, these bod it 
are those remnants (hat were affe( 
ted neither thermally nor chem 
cally. They were neither broke 
by collisions nor were large enoug 
to gel heated from inside. The 
retained their original primeval ma 
ter. This explains the existem 
of the asteroids of this type. 

Trojans. Jn the Jupiter-sun sy 
tern, these are two groups of plum 
tesimals that lie nearly at an ang 
of 60^ (considering the sun as il 
centre of the angle), before and afti 
the Jupiter. In addition, there ai 
twice as many planetesimals ahea 
of Jupiter as behind it. 

The presence of these bodies ht 
been accounted for by calling ihei 
a debris. It is the residual math 
left after the formation of Jupite 
or the accretional matter left in th 
interpUneUry space gravila(i< 
nally trapped in by Jupiter. Th 
presence of these F^anetesimals wi 
predicted on theoretical basis b 
J.L. Langrange, an eminent muth< 
maikian, though it was only aft« 
a century of his death that (he flr« 
Trojan was detected. 

SateWies of Japiifr. This plane 
hu three groups of satellites, in ^ 
numbering thirteen. The innernuu 
group has five satellites, of who. 
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lo has a subject of controversy 
for a century or so. 

It has been observed that the sur« 
face of lo brightens up for a short 
time as soon as tl emerges from the 
shadow of Jupiter. Tod ay» this 
cfleci has been attributed to. the 
change in colouration of compounds, 
perhaps, of sulphur, on to. This 
effect is caused by their exposure to 
sun. Further, radio astronomers 
have found a distinct correlation 
between the radio burst generated 
by Jupiter and the position of lo 
with respect to it. The approach 
of Pionter'IO to Jupiter in 1973 has 
revealed an ionised layer about 100 
km above lo. So, it is inferred that 
radio bursts are generated when the 
ionised layer of lo disturbs the mag* 
netic field of Jupiter. In 1974, 
Robert Brown , of Harvard Univer 
sity, U.S.A., discovered that lo emits 
a yellow glow characteristic of the 
D>line of sodium. Sodium atoms 
prevalent on the surface and in the 
atmosphere of lo scatter sunlight to 
create the glow. 

The other inner salellites, Europe, 
Ganymede and Callisto, have also 
been studied. To the surprise of 
the astronomers, they are different 
in composition from one another. 
Unlike lo. they are mostly covered 
with soil and frost. Callisto is the 
darkest among them, because more 
of its rocky material is open to review 
than in the case of others. 

The next two groups of satellites 
are still a puzzle for astronomers. 
They are unlike innermost satellites: 
their orbits are inclined to the equa¬ 
torial plane of tite planet: instead of 
being distributed equally around 
the planet they are in clusters; they 
move in retrograde direction opposite 
to the inner group. Astronomers 
attribute the exisience of such objects 
to special processes ihat captured 
them from the surrounding space. 
The processes are called 'speciaT 
as they allured (reasons unknown) 


one planetesimal to join one group 
of satellites and another one to 
another group. Z.A. Aitekeeva, 
a Russian astronomer, has suggested 
a different reason for the anomaly. 
According to him. these groups are 
the shattered remains of bigger salel* 
lites. In the early days of the solar 
system, a comet or an errant Trojan 
might have caused this, 

Satwn: saiettitri and rings. The 
largest satellite of Saturn Is Titan, 
nearly 5,800 km in diameter, which 
suggests that it may possibly be the 
largest satellite in the solar system. 
As seen through telescope, its sur¬ 
face is always covered, partially or 
totally, with reddish brown douds. 
The atmos^ierk pressure on its sur* 
face is nearly orte-lenih of the at- 
mospdieric pressure on the surface 
of the earth, the temperature is 125 
K. and the surface, it is believed, is 
covered with ice. The atmosphere 
contains mainly methane ar^ hydro¬ 
gen. If. in addition, there is geo¬ 
thermal or volcanic activity preva¬ 
lent on the satellite, there is bound 
to be present temporary pools of 
water. On having suitable tempe¬ 
ratures. the formation of amino 
acids could take place there. 

While Titan is of biochemical 
interest to science, lapetus. another 
satellite of Saturn, holds the atten¬ 
tion of scientists because of the mys¬ 
tery about It. It has been observed 
Ihat one side of the satellite 1$ six 
times brighter than the other—while 
one side reflects light less than what 
a blackboard does, the other shines 
like snow. Various ^ausible ex¬ 
planations have been offered, but a 
recent one, forwarded by Steven 
Soter of Cornell Univenity. is widely 
accepted. Poynting Robertson effeci, 
(mentioned above), he cfaiim, brings 
about this cffecl. Some material from 
Phoebe streams in towards Saturn, 
and when it intersects the path of 
lapetus. it rains down causing unusual 
erosion and dust accumulation or 

544 


both. It mikes the surface noi 
reflective, while the other icy regioi 
remain unaffected. 

The rings are the unique featui 
about Saturn. Spectroscopic studh 
reveal them as. thousands of satell 
tes, each nearly a few centimeters i 
size, covered with or composed < 
ice. On the whole, the rings ai 
about 270,000 km in width and aboi 
H few kilometers (hick. An int 
r^'sting aspect is that (he bodies i 
the rings are so arranged that in tl: 
first place they do not collide wit 
each other and, secondly, there ai 
gaps among them due to the grav 
lational influence of nearby satellite 

The creation of (he rings is sti 
a redoubtable issue for the istr< 
nomers to comprehend. Some clair 
that rings were formed in (he earl 
days of planetary evolution—(he ten 
nants of pulverised satellites one 
orbiting Saturn. Others claim ther 
not be so. The rings, accordin 
them, are still evolving. They ar 
the result of collisions that are sti 
tiking place between planetesimals 1 
the interplanetary space. The bodir 
80 creat^ are gravitationally swef 
in by Saturn to form the rings. 

The subsequent major planets at 
so far away in the space that they an 
their entourage have not yet bee 
thoroughly studied. It has bee 
observed, however, that billions ( 
smaller bodies, whose sizes vary fror 
tens of meters to 100 km, move rour*i 
the sun in the outermost region of th 
solar system, as distant as thousand 
of astronomical units away. Thes 
bodies when perturbed by the gravil 
of planets or stars (sun) enter the inne 
solar system. Once inside, Iheyar 
accommodated by planetary inffuen 
cestnform asteri«x1.s in the main bel 
UT Trojan or Apollo group. Or, i 
massive, they may even become co 
meU, the irregular visitors to thi 
solar system, one of the best am 
conspicuous examples of gravitation 
al Influence. Himp M. Sxt.w 
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The discovered “monopole** on trial 


S INCE 1931 several attempts have 
beeo made to detect the ma^nelie 
Tionopole. Id the Februaiy 1976 
ssue of Seienct Reporter^ T. Chakra^ 
)orty has discussed io detail the re¬ 
ported discovery of the rrtoving 
nagoelk monopole in cosmic rays to 
i balloon flown in the U.S.A. ustog 
)1asiic-emuisjon-fi]m sandwich slack. 
Hie event was a single one. In the 
K>s accompanying the artide, it 
Its been stressed that if only 
here is no other interprtUtioo 
possible for this event, one can take 
he evidence as conclusive. In the 
darcb 1976 issue of Science Repor* 
tr, R.K, Daita has expressed a doubt 
iboui this interpretation. He qu^ 
ed the alternative explanation of this 
vent—as due to an interaction of a 
osniic ray plalioum nucleus frag- 
nenling into a tantalum nucleus in 
he Lexan stack. This explanation 
ras given by Prof. Luis Alvarez of 
University of California, Berkdey, 
J.S.A. (I97SX i Nobd Prize win. 
ler in Physics. He criticized Prof. 
Tice's claim of the reported diico- 
ery suggesting that his ioterpreta* 
ion is both possiUe and probable, 
fe also added that when one is doc- 


enor io the tbkkness reeasuremenl of 
Prof. Price's experimental stack. 
Thk error is in the right direction 
and has increased the probability 
of his interpretation. Since then, 
three artkiea have appeared on the 
magneiic motiopoles in the Froceed- 
btgs </ rkr /diA inttrnatiofuil Cosmic 
Rny Coverture held in August 1975 
at Munich, Germany, beside a re* 
vised version of the original paper 
published in the Physkai Review 
Lrtters, From these ankle we learn 
the following: (I) Prof. Price and his 
colleagues have now given the cor¬ 
rect thkkoeu of the sheets but still 
argued wbat they have encountered 
was a magnetic mont^le; (2) Prof. 
A.L. Hodaon of Che University of 
Leeds, England, has gone into the 
details of the recording eflkiency of 
the Cerenkov film (one of the 3 
detectors) that these authors used 
io their work and gave a different 
view of the event; and (3) Prof. P.H. 
Fowkr of the Uaiversity of Bristol, 
Eaglaod, has tried to investigate 
carefully the measurements made in 
the oudear eraulsioo and plastic 
tfacks <tbe second and the third 


detectors used). As a result he ha 
given another interpretation of ih 
event somewhat similar to wha 
Prof. Alvarez gave. 

There are two parts in the analysi 
given by Prof. Peter Fowler. Thi 
flrst one concerns the (rack in emul 
sion and the second the effects ant 
probabilities of nuclear interaction: 
in the Lexan. Prof. Peter Fowlei 
is an expert in emulsion techniqu< 
and had collaborated with (he Nobe 
Prize winner late Prof. Cecil Frank 
Powell of the Universty of Bristol 
England (1950), in the initial stage! 
of the development of the photo* 
graphic emulsion technique. H< 
hid also collaborated with Prof 
Buford Price in (he discovery ol 
transiron elements (Iron lo Ura* 
nium) in the primary cosmic rays, 
which was done using giant nuclear 
emulsion stacks flown in balloon 
flights in the U.S.A. He has examined 
emulsion data presented by Price 
and others in detail. It may 
be mentioned here that the 
blackness of (he track produced in 
ihe emulsion and its variation with 
distance gives a measure of the ratio 
(the square of the ratio Z/p), 
where Z it Ihe nuclear charge and 
P^f/C, f and C being the veloci¬ 
ties of the particle and light respecti¬ 
vely. He was of the view that from 
the track profile measurements in 


kilating something hi^y exotic and 
xciring thing like a magnetk mono- 
ole, one should all other 

veaues of interpretation before 
nnoundng the diwovery. As an 
xam|^, he quoted the discovery of 
he positron by Prof. Carl David 
inderaon of California Insthule of 


'e^mology, Pgsadeni, California, 
J.S.A. {1932). The poaition event 
also a ain^ one but Prof. 
lodersoB took paioa lo ace that 
here are do posaible errors involved 
ithcr la foeatunatai or due to 
Bstnuneatatjois. Prof. Alvarez, on 
he other hand, has 
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smu/s^ion. one c«n only concfiKte 
I hat iW panick was a f^sf one with 
I vclocjiy P>0.45C and Z/^ havin| 
i value of l?0. This wuukl remove 
>nc of I he importanl plarrks up^m 
A'hii li Piof Price ami his coMcaPiies 
h;t>al then moiiopt'ile inieipreiaiion 
Ik furl her rcnuiLetl Ihal ihe overall 
cons I a IK* V of anniml in 

I he l.cviiii stuck as observed hv ihe 
j I SCON ere Is was due lo ;< chance 
;oi lieuletiav Hr mieipreierl rhe 
?vcnt 111 I e%un as follows H Ih 
\ pnmury nucleus of • hnrpc / 7K 
pkliiuim nucleus) and »dh ^ 0 66 
lirsi suMers u nuclear inicratoon 
ci hci at A or A*) and hl^^» 1 ncs • 
^•.ckus of ebarfc /•.'75 iRIunium 
lUicleiisf Three prnlons nre emhlctl 
III I his piivcss. The value of the 
nucleus here »s 0,6.V Tluv nucletK 
lulTsns iiiiolher inieraciion at H 
tnci hc<*oiues a nucleus of char|« 
f 77 (l{nrnium); and three protons 
lie cmilied in ihe proexvi. Here 
ts fl value is 0.6(). The nucleus 
iiiall) leaves the slack as a Haf* 
Hunt nvicleus wiih a ^ value of 
).5li. The horizontal (dotted^ line 
s ihc hoc drawn hy Prof. Price 
Old others, which fils for ail 
he bliick dots and irfauples (these 
Icitole ilie acluul mrasuccmcnis 
nadc by ihcni). The black lines 
NViih extended dolled lines I arc ll>c 
ines drawn by Prof. IVter I owkr 
o lit all the points. So suic cjn 
Asily see Ihc difference in p<Hnts- 
>f-vicw'. 

Prof. IVier Fowler's view of the 
venl is that ihe primary particle (a 
dnlinum cosmic ray nucleus) passed 
hrou^h the cerenkov lilm <lir>l 
Icicclor) NMihoui produniig rudiU' 
ion. As a rcsull [i value at ilic 
erenkov detector was less Hum O.NI 
"he panicle ihcn passed llimuiih Hu* 
mulsion (7nd detector) leavi..|i a 
rack luivinp a Z/& value of 120 and 
I {ircaicr ihAii 0.45. Finally, the 
Ktriiclc cniered Ihe icvaii slack 
5rd detector) as a platinum nucleus 


wrih 0:-O.66. then irHeradcd twice 
in Ihe stack and left n as a HaTnurAi 
nucleus wiih ^ 0.5S. Tliese mc»’ 
suremenis laken inprther pemil the 
intcrprclation in terms of Ihe break' 
up of a cosmic ray platinum nu¬ 
cleus Mto a hafnium nuckas. Prof. 
Fouler is of Ihe view tftil, considrr- 
iDf Ihe tar^ number of mmic ray 
very heavy nucki oInerseO by Prof. 
Prke in balloons so far. the probahi 
Illy of observing one such cveni t» 
not quite low. 

Pri>r. Hudson espbim tbe event 
as due (o an inlemctioo of a very 
hiphly cner^lic primary ewmic rav 
nucleus jusi above Ihe sUek He 
culrukiies Ihni in Ihe iMerKlion 
about IIP sesxMHiary parlidrs are 
produced ai a my narrow anek 
(<^5 X 10** radtansX These probably 
conlam equal number of po&Hive 
and neptive charfcs over a small 
area and arc ahnosi equivakni to a 
beam of ncuira) particles. The 
emission of I'errnkov radiation is 
hemr supprrs'«ed when ihev parti- 
cks pass throupb the Cerenkov <fe- 


T Hi* origin of life is still a my- 
siciy A lor>p pervod of dcssdu^ 
ntcnl <>r cuib(«n compounds 'cadini; 
upio ac:d ai>i pcoijiii mu^ 

have pr.reded ihc oriVia of the liv¬ 
ing nuHU'r, The catalyst or coatbiiv- 
ing agents such as day minerab 
musi have played an intportanl 
rok. The carliol organism presum¬ 
ably lived in water wiihouf free 
osygvn. They may have been similar 
lo txiiain one-cclTcd plant of ihc 
piesent day. which n«xirblied in Ihc 
a!»M*ru*e of ossjvii. 

Hh' first iiinc(4lular animal ‘amo¬ 
eba* same into esisirncr to ibe vca. 
11tc bsclenu were ihe fwM lo eTwerpe 
ill tin.* plant kingdom. Since 6Cf> 
million years onward many un- 


Iceion. He esfimales that tJ 
jmobMUty of obKrving this event 
low (one in a million). The intei 
pccuimns of Prof. Peter Fowkr an 
prof AKaitz arc cogent and have 
higher probibitily of occurrence. 

So where do we stand now? [> 
we hove to remain in doubi for year 
to come? Forlunalely not so. BoC 
Prof. Price and Prof. Fowler hav 
agree to pool all cvenis of heavy 
Oow cosmic ray nucki recorded i 
emulsion slacks al Dublin. Housioi 
and Bnstol. These evenis imriudin, 
lhat of ihe monopok. will then b 
studied in Houston and Bristol will 
iheit respective techniques as a mon 
deiailel e^pcrimentHl cheek. )l i 
abo said that Prof. Price is pfanninj 
to get a few more events of the kin^ 
by dying plastic deieciori at higi 
aHiiudes. Let us hope ilial wiihir 
the nest few years we will learn nion 
about monopoks as to whether thci 
re^ly caul or not. 

N. Dhkoaprasai 
Tmim of hHU/ifmvntu 

Metmrc k . Homi Bfkihha ffix/t 

Bonthuy-UMMIO. 


forgrilable changes are happenin, 

in this planet. 

Can one imagine the past positioi 
of ail the continents when they wen 
juJ like a compact mass of land* 
There were no huge mountains, ni 
rivers* no ptateaus. no big citks am 
no ferrcalion centres of today eicep 
the sea and Ihe coniinuous land mass 
Srnce Ihe advent of man. say on< 
million years back, various thcorie: 
feu the separation of lire sea and Ihi 
land and ihc iransfmmjiion of ih 
present day continents have beer 
proposed. 

SiAl) one years ago, Alfred We 
gner. a German mcicorologbt pub 
lished a new theory of “(*oiilinenla 
diift**^ separaiiun of all Ihe couti 


Evolution of continents and oceans 
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the firth suHuce. This theory w«! 
caMcd Calasirofthism. Some ca(a< 
(trophisu were t'ully HaiisOeti thal 
canyons were simply giant crack? 
in the ground fornted durmg a seric? 
of violent earthquakes* and the tidal 
wavcY and I he were enused by 

huge nmeteorites or comets ibal 
>iruck the earth. 

Oihcr calastrophisls postulated 
1 hat ihc thick sequence of Mdimenlar) 
rocio» in the earth crust had been 
deposilcil during the worldwide 
flood depicled in the Bible as Noah’t 

found in these rocks were the rcmaim 
of organisms killed by the flood. 
Still others realized the difflculty 
in accounting for the apparent chang* 
es in fossils from older to younger 
beds with only one flood. 

Most of the caiamitro phi St's proposal 
were related to observation of natural 
events. They were however distort* 
ed by gross exaggerations in scale. 
The uplift and the subsidence of the 
crust occur at a very slow rale. 
Earthquakes do cause cracks in the 
earth but the width of such cracks 
is generally not more than a few xnc* 
Fig. 1. 135 ailUvn yean •(«: Sfllitiaa «f Lamsia frw C««riw*Mlaiiri ters. Hoods are common but are 

always limited in extent 

snts as they am today. The first available for the formation and deve- In eighteenth century, the Neptun* 
dition of his book DU Enisiefnmg der lopment of earih many scientists i$t School of thought (believer in tht 

'ontirttnft Vnd Ozfant appeared in believed that sudden and violent origin of rocks as chemical precipi 

915. His theory that the continents of forces of catastrophe had shaped tates from the sea) adopted a theory 

outh Arrferica* Australia sikJ Africa 
ad formed as one continent of 
lOndwanaland was appreciated and 
allowed by many geologists and 
alaeobotanists. ^of. Birbal Sahni 
ad also accepted bis proposed 
beory of continental drift. Later on* 
n American geologist concluded on 
he basis of tectonic changes ihai a 
onsiderabJe redistribution of the 
ontinenU had taken place in gedo- 
icil past. 

Until the nineteenth century, 
cientiits believed that the eanh had 
cen created only a few th^nd iik N. AiMk aM «n<i« mm. ukt *•»« •"< Somi 

'ears ago. With so Mile time Alkaaik oMim. AmiialteeiUi anaebed le Aaiardiet 
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in the bakis of which majority of 
he eurlh rock had been chemicalty 
irecipitated in a universal sea. The 
>1<lesi rormntions of the earth are 
'cry primMivc. h consisted of granite 
nueO with geniss (coarsed grained 
iieiamorphic rock), chist <cry* 
lahinc foliated met amorphic rock) 
iushII (igneous rock) and marble, 
fhe overlying strata also consisted 
nninly of precipitates hul included 
ome scilimerts weathered from the 
>rimnry islands that were exposed as 
be sea retreated. According to the 


Ncpiunists as the water rec'edcd fur¬ 
ther. sandstone, conglomerates, 
limestones, chalk and coil becanw 
more abundant. 

The geologists were not satisfied 
with the theory of Catastrophy. 
The Neptunists and the Geologists 
believed in the uniformity of the 
nature. They reasoned that the 
development of the earth crust 
vouUJ be best understood by observ¬ 
ing geological processes of today. 

In I78B. James Hutton, a Scottish 


the theory of the earth, pointed oi 
that most of the geological phen< 
menu could easily be understoo 
through careful observations < 
modern processes and that all th 
geological processes that operate 
in the past also operate at presen 
The phrase "The present is the k< 
to the past" sums up the conce; 
of UniformaUrism (a doctrin 
that geological changes were brougl 
about not in the main by grci 
convulsions but by such action i 
may be seen goi ng on now). 

In Che later part of the eighleent 
century, William Smith, a Britis 
surveyor, while supervising th 
building of a canal in England, trace 
certain rock units over hundred 
of square miles and found them i 
the same sequence. Later on, h 
travelled through the country an 
noticed that the sanse strata wet 
found always in the same ordc 
and contained the same time c 
fossils. These observations gav 
rise lo the prirtciple of faunal an 
floral succession through gcologict 
times and the correlation of th 

srpmiiu>:R h 


geologist, in his contribution on 
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>cks' sequences ba»e4 on such 
)ssjl assemblages. On the basis 
f lithological characters o( (he rocks 
nd fossil contents as a means of 
acing strata, William Smith was 
bfe (o publish a coloured geological 
tap of England. Wales and a part 
f Scotland. 

About 200 million years ago, there 
'as a complete single superconiinent 
ow called Pangea (all land), it was 
urrounded by a universal^a known 
s Panthala sea on Ihe east and 
ie wes( corners. The Pangea was 
Iter washed away by the ocean 
urrents. 

As nme passed, say m I J> million 
cars the northern land mass Known 
s Laurasia had split away from 
aulhern part known as Gortdwa- 
laland. It was named after a 
eological region of Madhya Pradesh, 
ne lime Inhabited by the Gond 


tribes. 

The northern part of the super* 
continent forming Laurasia is compri* 
sed of North America. Europe and 
Asia. The Gondwanaland has also 
divided wiih India heading north 
towards Eurasia. The North 
Atlantic and Indian Oceans lo«>k 
shape and ihe South Atlantic wide¬ 
ned a litlle. Al that time Australia 
was Mill attached to Antarctica 
(65 million years ago). 

Today, as evideni from Ihe global 
disiribution of coniinenls. Australia 
was lorn off from Antarctica. 
Laurasla finally separated into 
North America and Furasla India 
has turned over on the side inin 
Eurasia ihrusiing up Ihe Himalayas. 

Millions of years ago south 
American plateau was adjacent to 
African plateau. North America also 
occupied a position close to Europe. 


New Kuundland and Ireland. 

The old hypothesis uf Pangea a 
superconiinent and its subsequen 
break up inlo non hern regions 
the Laurasiu and the southeri 
landmass ahe Gondwanaland wa 
popularized under (he nam? o 
“The theory of l onlinental drift'*. 

Recent concepts based on cxplora 
lions arc quite difTerent from that o 
Wegner s hypothesis. It was Ihough 
that (here was one more Allanti' 
sea before the formaiiun of Pangea 
On the south of it was situatci 
Africa, which later broke off fror 
OoniJwunaland and moved toward 
north It I hen collided with th 
northern Itndmass lo uplift th 
Applachian mountainH of NnrI 
America and Caledonian mountai 
chains of Scotland. At the sam 
lime, Europe and North Americ 
(Euramerial were lying at one sid 
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of the ocean» whereas Angaia 
was on the other ^i4e. Europe 
then left the association of North 
America and moved gradually 
towards Siberia. Their collision 
uplifted the Uraal mountain. 

In the meantime Gondwanaland 
was also broken into various pieces 
spreading in different directions 
leaving Antarctica in the South. 
Australia sailed towards east. 
Africa moved northwards whereas 
South America slipped westward, 
rhe last remnant, India, was also 
thrown towards the north. 

Many geologists, palaeontologists 
ind palaeohotanisis have supported 
SVegner's theory of continental 
drift on the basis of their geological, 
palaeoclimatolopical. gesKhemical, 
palaeontological, palaeobotanical as 
well as palaeomagnetic researches, 
hll these aspects are closely related 
with each other and have a correlat¬ 
ed impact on (he problems of conti- 
lentsl drifts. Recent appliances and 
heir applications have paved the 
way for confirming the continental 
;hanges that happened from lime 
.0 time. 

A research ship, The Glomar Ch- 
iUfnger. was able to take out samples 
rom 6.000 mt. deep oceans. The 
>ore hole cores taken out from the 
urface were saturated with the micro- 
lements of the past. These elemen- 
s could help in establishing the 
orrelation of various plant groups 
nd their surroundings. 

The development of a precise 
ihyiical method for the measure- 
(lent of latitude and orientation 
palaeomagnetism) has revolu* 
ionised the field of continental 
!rift. Palaeomagnetic studies have 
irvved to be quite helpful and 
live established the fact that rocks 
<ere formed by deposition of 
ilfettot sediments of varied cherat* 
al oature and by cooling of lava, 
f the rock particles are magnetic, 
Iwy will remain suspended, and tend 


lo have a north-south orientation 
in relation to earth polar axis at the 
lime of rock formaliiMt. 

The palaeomagnetic sludtee have 
shown that nearly 450 millioft yttn 
ago. the Sahara desert which is 
30^ north of Equator must have 
been at the south pole under a 
polar ice cap. It has also confirmed 
the eiisience of Pangea about 250 
million years ago and the splitting 
of Launsia and OofvdwaailaAd 
ahoul 200 million years ago, followed 
by the separation of North and 
Soulh America. 

Some geologists collected the 
rock samples from different geolo¬ 
gical periods and varied land masses 
of Laurasia and Gondwanaland and 
matched their colours, observed 
their textures and chemical composi¬ 
tions and inferred their similarities 
in a definite strata. 

Chemical information also gives 
weightage to Ihe theory of continen¬ 
tal drift. The study of radio- 
metric age'k of rocks from different 
continents furnish rckvanl informa¬ 
tion and support the drifting of 
these conlinenis in the past 

Geochemistry has also helped in 
comparing elemental configuration 
of different rocks. On the basis 
of their similarities in elemental 
constituents, the drifted continents 
may be related to thrir parental 
blocks. Tracer elemenu like 
magnesium, iron, coball, silver 
bismuth, etc., may yield relevant 
information to explain ihe drifted 


P LANTS fix and meiaboliie car¬ 
bon dioxide (CO|) with the help 
of chlorophyll, a green pigment 
present in the leaves, and li^t G-^ 
photosynihetically); and in dark COr 
fbulion reactions (i.e., noophcMo- 

ss 


movement of the cootinents. 

Al regards plant fossils, they sen 
ai a tool to know the past diet: 
buUoA of plants. Palaeobotinic 
ioformtioo becomes exceeding] 
important in the interpretation < 
drift mechanism in continent 
Many palaeozoic plants occurring i 
Europe and North America are no 
known to be identical. 

Dr. K.P. Rode, a geologist < 
Udaipur University (1953) propoM 
a new theory, popularly know 
as *'Sbeet movement theory’ 
It helped to prove drifting among 
the continents. He was of the vie' 
thil all the continents have expande 
by repealed movements of sheel 
closely placed, like playing card; 
piled up together within the regio 
of central Asia. 

Another renowned Indian gee 
legist of Aligarh Muslim Universit) 
Prof. F. Ahmad (1967) (now Com 
missions, Dept, of Geology A Min 
ing, Jammu A Kashmir State), mad 
a brief comparative study of (K 
geological formations of Weslen 
Australia and Peninsular India an< 
its bearings on the drift hypo 
thests. He was of (he view that then 
were rimilarities in rock types 
mineral occurrences, climate, glacia 
tion, fauna and flora. 

J.C. SfUVASTAVl 
Anil Chandri 
Birbal Safmi Institute q 
Pataeobotony Museum 
Lucknow*?, U.P 


synthetically). Plants fix and meta 
bolize carbon monoxide (CO) also, 
in light and In dark. But this has 
not yet been extensively studied. 
That CO k assimilated by green 
plants has been known since th< 


Plants are world's natural 
pollutant sink 
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of thm ccatitfy. Ia I9QX 
looie workers reported that NmOm* 
\ium leaves prodnccd itudi Croce CO 
n COf-fite itmocpiKre, wkea il«> 
nioaled. But it was only alter the 
Jtscovery aod use of a ladioKthie 
■dope of carbon with atowk oms 
4 i*K) in metabolic proeeases 
hat some aspects of CO inetaboUsin 
n green plants were uavetkd. Ua> 
ni '«CO. A.R. Krall aod N E. 
folbert (1957) of titt Oak Ridpe 
National Laboralory. USA for the 
irst time showed that from 

*CO is fixed mainly into ao amino 
icid serine. l*hcy also reported that 
ro fixation is light dependent and 
^ery low light intensity (i.e.. 10 foot- 
:arK]lc to 20 fooKandlc) is enquired 
o attain maximum rale of CO 
isation. They suggiLSIed that the 
eduction of CO takes pUoe on the 
nryme cytochrome oaidaae ai the 
ime of disjMiciatioa of its c o mp toi 
rom the en/yme io the praoKs of 
ight. 

In subsequent studies sevcfal vor* 
:crs contradklcd the fiodiop of 
Crall and Tolbert (1957); they 
'fisted thul rOt, not serine, is the 
»nmury product of CO metabolism, 
riicsc workers examined Ihc soluble 
products of CO fiaation and c«m- 
ludcd from their observations with 
lK>hc of CO, liution that CO is 
ncuboliacd niainty afler Ns osida> 
ion to CO,. However, necently 
(G.S. nidwell and D.E. Fnser 
1972) of the Queen's Umvenily. 
'anad.i suggested that CO is mainly 
ised into serine in light. Much of 
he CO goes through the serine 
athway (o sucrose and not fixed 
IS CO, by normal photoeynthesia. 
fhey urgued that if CO were coover* 
ed iniv CO, and then fixed as such, 
he ’*C distribution among the pro- 
lucU of 'K*0 and '^CO, fixation 
houki be similar. But there are 
arge difhtrences. The major inao> 
able product of CO, fixation m 
larch while that of CO fixation is 


prot ei n as would be expected if the 
main produ ct of CO fixation is an 
amiao add. However, aot all CO 
carbon goes by this way. They 
ham gtvea evidences that at tca^i 
a smaU proportion of the CO » 
converted Into CO, and meUbo- 
Uaed as such. 

Carbon monoxide can be fixed 
by g reen pUerts by two diflereot path¬ 
ways; rednetive pathway and oxi¬ 
dative pathway, la the reductive 
pathway, the entry of CO into serine 
may be mediated by the formatiim 
of a CO-derivativc, ictrahydrofolic 
acid, which becomes reduced. This 
pathway is the major route of CO 
assimilation in litfiM. Photosynihe* 
Ik redudng power may be used for 
Ibis pathway. However, ibe forma- 
lioa of some wrine and sucrose in 
dark saggpsts that at least a small 
amount of CO h also absorbed 
and UKUboUmd by the reducing 
pathway in complete darkness 
in light In the oxidalive path¬ 
way, CO is first oxidired Co CO, 
and then fixed as such or released 
into the atmosphere. The laheHing 
of an amifio acid aspuriale indkates 
that CO, deriwd from CO » fixed 
by the normal dark fixation process. 
Ibe oxidative pmhway mainly takes 
pbet in darkness. The fact ihal 
the rates of reductive uptake of CO 
In tight iimI oxidation io darkness are 
about the same suggests a cmninon 
absorptive system for CO in plants. 

Tbe uptake of CO has been repur- 
ted for a number of pUnu such as 
A/fimn repo. Atem toiiwo. Cofeus 
fihunrt. Cnemti s aWivur. Daona ro- 
roltf. Fognpjmnm r a ‘ uh wfw. 
copo xnr/iw. fhasrofiu vufgoris, 
Tritkwn mestirmm, Zm mays, Sur- 
t harmm and severu] other 

plants. The uptake of CO by plants 
varies w i dely with sp e oes . but is 
not related to the rale of photoiyn- 
thesis. On the busts of the first pro¬ 
duct of photoeyMbeaia, ptants are 
broadly divided inlo tiro groups: 


those plants producing cxaloucci 
ack) (a 4 carbon compound) ai 
kivown av C| plums, uod tho< 
pf^Hlucitig phovphoglycefic ucid ( 
carbon cum pound) arc known ; 
C, |danb. Most of the iropk 
grasses belong Io the t'ornit 
category (C| plants). Ihcy have 
higher rate of photONynthesis. Mo* 
of the temperate species belong to th 
Ittcf category (C, plants) The 
have a lower rate of pHolosviiilusi: 
Out C\ plants do not iw lapidl 
rnclaN*t(/c <*0 as the t'laul' 
Tlic lisation of <'0 by pl.iuis i 
greal inipsutadi.' lioiii the puini t 
V4CW of atuiusplicric puiluiioi' 
because CO )s a vmkmis ndno' 
pheric pullutaut A especially iik Ih 
cities. U combi lies with the Icirou 
ion of cyiocl.mme oxidase whic 
accounts for the c si rente tusicity c 
this compound to living oigs 
IIisms. The average ('O coitientrq 
tron in air over the find musses liu 
been found to be in die Junpe o 
U.I ppm to 1.0 ppm. Kowever, ii 
cibes ihe average C'O coiicciUraiioi 
is 5 ppm to 9 ppm with the muxi 
mum value reaching well over ICX 
ppm in Ihe most indosiriah/cJ cities 
R.G S. Didst cll and Ci.K Bebci 
(1974) <»f Ihe QiK'cn s Univcfsiiy 
Canada, ^uggesr a value id .'I ' lO'^j 
global CO priKluelion per yea 
(Table I). CO IS produeed boil 
from physkal and biological sour 
CCS. The CO production hy plants up 
pears to lake place primarily fron 

Table 1. Global carbon aonoxM 
predurttaa (After BMwell tad Bcbec 
1974) 

Sovree Amount. g/y«a 

Tediwological and naiural 

MMwen 2.00x10^ 

Oceim 0.99 xl0< 

ptoMx 0.09x10' 

Total (approx,> 3x10' 

the degndation of chlorophyll am 
phenolic compounds and as bv 
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^roducU of the lyothesis of bile 
Digments as well is by other path- 

A'lys. 

Plants may be the most abundani, 
f not the most efficient, natural 
tbsorbers of pollutants. The absor* 
)tion 'of CO by plants in light and 
n darkness may constitute an appre- 
liable ^obal CO sink, fiidwell and 
kbet (1974) calculated that in nor- 
nal concentration of CO in the air 
)ver the land masses, which is 0.6 
3pm on average, the total global 
iptake of CO by plants may be 
).3I X 10^* g per year. However, 
he total global production of CO it 
ibout 3 X 10'* g per year. It is 
apparent that plants may absorb 
I little over 1/10 of the toul CO 
>roduced in the world. Further, they 


produce twice as modi as they 
absorb. It has been reported that GO 
absorption by plants increavss l inear ty 
with the increase of COconcentratioiL 
Therefore, in ciiiee where the CO 
concentration b appreciably hidter* 
the rate of CO absorpcioa by ptents 
may be greater by a factor of 10 Co 
100. Therefore, the role of pUnta 
in the global CO balance b vcsy 
difficult to assess at present. 

MAMoaxtOAN ICxa 
Department 
of Aofaey, Vtk<d f/niurrs/f/, 
Bhubarteswar 7St004 

■ OtNAlANDHU MrSfUA 
Ftoftuor of Botany. Berenihaw 
Cottete. Cuttack 753003 
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dinner conversation between 
two German naturalists, Mat* 
hiss Schleiden and Theodor Sch* 
rann in 1838 resulted in a great 
ntclleclual achievement—the 'Cell 
rheory*. Within decades after that, 
he basic tenets of the cell theory 
ed to the birth of such branches of 
uology as cytology, embryology, 
listology, and (issue therapy. In 
902 the celebrated German plant 
ihyslologist, Gottlieb Haberlandt, 
liscussed the theoretical possibility 
f growing isolated cells of plants in 
rtificial cultures: but his idea was 
ar ahead of the (echnicaf advances 
if his time. Today cell, tissue, and 
»rgan cultures and protplasi (total 
ontents of a cell) culture are no 
onger impossibilities. 

As a technique plant organ cut* 
ure was started in 1930, when 
Itilip^ White at the Rockefeller 
nstitute, New York, and two French 
cientists independently and success- 
jlly grew excised roots of the tomato 
lant in artificial nulneni medium. 

Duriog World War II, scientists 


were asked whether they cpuld ob¬ 
tain (he plant drug ephedrine hi 
lest lube cultures of Ephe^ tissue, 
quinine in cultures of CMumi 
tissue, and rubber in cultures of rub¬ 
ber plant tissue. At that time, sudi 
propositions meant a dream. But 
today, use of cdl and tissue cultures 
of both plant and animal species is 
common in hldogial and medical 
research, and in some industries 
related to biotogy and medicine. 
The well-known HeLa ftrain of 
human cells, for example, has stiQ 
been maintained, althou^ Hcorietu 
Lacks, (he woman from whose cv- 
cinomt the cells were iadated m 
1951, died the same year, indeed, 
the He-La strain has served as a 
basic material for studies oo polio 
vaedne, and it has continued to be 

useful especially in rcacarelies on 
cancer. 

Once a cell has been isohted from 
its parent organism, it can be wb- 
jected to many experimental inter¬ 
ventions. For eumple, it can be 
returned to its original pomtioo or 
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10 a new site to its paicat body, < 
the cdl can be put into anodn 
organism for coodnetiag varit 
diidiea. GdU of nko and cluckei 


have in fad been disperaed in aaq 
tk tiaMe broths, and new kidoq 
and beaxts ibowing the mixed coo 
poaitiofi have been obtmned. 
h punning said of the Americi 
idaitist T.T. Puck, who has been i 
inteaihre cuhuriai of mammalui 


edb, that **PuA plucked his nee 
to pick a pude out d* hk neck'* 
A more astouodiog work than s 
tbeae, which raiher threateoed tl 
wy basts of mxuaJ reproductioi 
came forth from Cornell Uoiversity 
Professor Fredrick C. Stevmrd. I 
1939 Steward aolated cells from Ui 


doraeaik carrot and grew them i 
specially devked flask culture. Upo 
feeding the cultures wicb cocom 
water, Profdsor Steward could ol 


tain an ideflnite number of earn 
plants, lo effect Professor Stewar 
hid bypnaed the sexual procet 
of oblaintng carrot ptasts (hroug 
seed formation*. 


Steward's work caused a stir I 
conveotionaJ piant embryology. I 
has been known that in some specie 
of flowering plniits, the egg cell cai 
directly develop into an embryi 
without uniting wiili the male gamete 
This phdKMDeooo of dispensing wit) 
(he male rex is called pnrtbenogeoe 
sis. and more recently '‘gyoofCAesis' 
ns opposed to aodrogSDeiis. It 
androgenesis the female sex is elimi 
Baled. But a univenal method o 


iiKtmng atner re tnere 
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win is still wanting, 
plants ''poninatioG** with abort] 
poBen, dead poUen, X-rayed 
and certain otiier medtods have be 
testtd for nidudiig gyBOf Pn ca lt . 
cbernknl regulation of gynogeoe 
has not yet been achieved. 

ADdrognenis is a less cot 
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Aherntifiv^ to stx? That U rtaily 
unthinkabie for mt'* 


henomenon than gynogenesis. 
.mong animals, androgenesis is 
est Kcognizad In the honeybee, 
kinong plants androgenesis has been 
r historic value until recently. In 
ie last decade, however, several 
otanists. especially in India and 
span, have succeeded in raising 
ndrogenetic plants of rice, tobacco 
nd potato in test tubes. 

Both gy nogenesis and androgenesis 
ssult in pure *unisea lines' which 
re of paramount value in plant 
reeding. Recognising the useful- 
ess of unisex lines, the Rockefeller 
'oundation convened in 1969 a 
onference of a dozen chosen scien* 
ists at fiellagio. Lake Como. 
Caly. The outcome—to intensify 
reas in parasexual research which 
nay help bypass sex in plant breed- 
(ig. This group of ScicnCists was 
uick to recognise the potential of 
esearch on protoplasts. Protoplast 
\ a collective term for the total 
ontents of a cell. Soon, techniques 
0 enzymatically digest the boun- 
ary in plant cells to make the naked 
protoplasts fuse, and to eventually 
ear a hybrid which would not 
ave been otherwise created became 
he obsession of the day. Although 
sading schools of research on 
plant protoplasts have sprung up 
n UK, Japan, Canada, and USA. 
he mundane problems of inducing 
rnioplasr fusion at will, making 


the fused protopUsU dev^p into 
a new ceU and evtobiaUy into a 
multicellular orpnixa with its my* 
nad phenomena of growth and diffe¬ 
rentiation are still a far cry. Along 
these lines, encouraging success has 
been obtained with tobacco plants at 
the Brookhaven National Laboratory. 
USA. 

fiui where do we go from here? 
Have we really achieved all that we 
need to with plants and animals? 
Whereas it is easy to tinker with the 
mule organisms in our universe, man 
does not have a similar lioenee to 
meddle with his own specks. So¬ 
ciety. ethics, religion, and pditics— 
although alt are maa*ma^—often 
limit him from putting bis intellectual 
ideas into action. And when, only 
42 years ago. Aldous Huxley wrote 
about assembly line babies being 
decanted from glass tanks, people 
laughed it off as an absurd fantasy. 
Today, science has replaced super¬ 
natural power and fantasy; it may 
no longer be a ridicule to fancy the 
day when a liny cell from any part 
of Che body of a genius or a Nobel 
Laureate could be reared in test 
tube to obtain a duplicate of that 
individual. But what is it like to¬ 
day? Ape kidneys, pig livers and 
chimpanzee hearts have already kept 
human patients alive to varying pe¬ 
riods of lime; the modem biologist 
hopes that some day be would be 
able to raise such wgaos in aseptic 
media in his laboratory, the 'orpn 
factory*! 

Yet another aspect of research on 
sex is the rearing of multiple em¬ 
bryos in foster mothers. The cow, 
for example, contains thousands of 
incipient eggs, but normally only one 
egg is released u a time. Through 
the use of two sets of hormones and 
different foster mothers, the ovary 
can be induced to release ripe eggs 
in quaniity; aniffcial insemination 
could then fertilize as many as 100 
eggs. The developing centuplets 
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could be fostered inside a rabbit for 
two weeks and thereafter inside 
cows. Thus a v^ole herd of pedi¬ 
gree cattle can be transported with 
ease and economy across vast oceans 
and distant lands. 

Some sekfl lists argue that instead 
of sendihg people in spaceships to 
colonize planets, it would be more 
sensible to send up tiny embryos of 
man or cattle, pig or poultry, or of 
any desired organisms nursed inside 
small-sized foster mothers, under 
the cere of a team of competent bio¬ 
logist^ who could reer the tiny em¬ 
bryos into adults in space. In fact, 
plant scientists are already studying 
the growth snd development of plant 
tissues sent up in spaceships and 
exposed to the environment in space. 

What will be the impact of all 
these biological thoughts and know¬ 
ledge on our society? What will be 
the status and identity of the indivi¬ 
dual produced In test lubes? Answert 
to these and many other puzzling 
questions are disputable not only 
for the Iheologist, the philosopher, 
and the scientist bul also for the 
common man. The common man Is 
dazed at the thought of iransfor- 
mation which the scintillating experi¬ 
ments in biology can effect in our 
society. When sex Is relegated to 
a secondary position in biological 
systems and consequently in human 
society, man wilt be forced to esta¬ 
blish a new set of laws, ethical and 
sociological, for posterity. Some 
day biology itself may give us an 
insight into the nature of life, allow¬ 
ing us to formulate new ethics and 
sociology to be consistent witli 
nature. For the triumph of intel 
lectual right, it is necessary we keef 
*'open to novelty and change anc 
not close them down against pro 
gress" (Chtries Morris). 

N.S. Rancaswam* 
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The woman behind the DNA 
scene—Rosalind Franklin 


M uch ha^^heen^idand wriUen 
Mhoui den%yribonucleic acid 
DNA) and iu helical struciure. but 
he horKKl worker who founded (he 
)aMs of (he helix has so far remained 
H>»cure. This brilliant scienciet, 
vllxx Rosalind Frartkiin, was the 
dctim of a double (ragedy^not only 
he died in the prime of her youth 
11 37, she was also deprived her of 
>art of the credit for discovering 
he siruciureof the DNA molecule. 

Miss Franklin, born in London 
m July 27, 1920. wax the elder 
laughter of E.A. Franklin. She 
vax educated at S(. PauTs School, 
.ondon, and Newnham College. 
Cambridge. After studying physical 
hemistry at Cambridge she started 
ler scientific career. Her first 
mployment wis in the British Coal 
Jlilization Research Associatiort 
vhert she worked on (he colloidal 
^ropcrlics of cokes and chars, Sbe 
ho wed lhal alLl^ough the total 
oluine of pores in coal increased 
ontinuously with increasing tern pern- 
ure. their accessibility so decreased 
hat finally even helium molecules 
^re unable to penetrate them. 

In 1947. she joined theLaboratoire 
'entrale des Services Chimi<)ues de 
Etat in Paris. Here she learnt 
he rm^nochromatic X*ray technique 
f amorphous substances. In a 
c'rie*; of'experiments she discovered 
he fundamental distinction between 
arhon that burnt into graphite on 
eating und which that did not. She 
itrther rclaled this difference to the 
licmicMl constitution of the original 
nilecuirs front which the chars were 
mile 7 hesc siudiesareoffundamen* 
il interest today Ix'iTh to the coking 
idu^iry •ind to the industry of gm- 
hiio niiidcraiorN m atomic piles. 
ItiKsevcr, Mis.^ rrankliit was more 


interested in biophysics, and in 1951 
she joined the Biophysical Labora« 
lory at King's College where she 
ventured to apply X*ray crystallo* 
graphy to the investigation of (he 
structure of large molecules of bio- 
logical importance, particularly the 
nucleic acids and viruses. She look 
X-ray photographs of DNA and 
showed that the struciure of DNA 
molecule could he best accounted for 
by a double helix. 

In I9S3, she left King's College to 
join Bemars Laboratory at Berkbeck 
College, London. Here she took up 
the direction of research on tobacco 
mouic virus. With her improved 
techniques, she carried out its X-ray 
study and confined that (he virus 
had spiral structure but of quite 
a different nature from that which 
existed in proteins and in DNA of 
bacterial viruses and higher organi¬ 
sms. She showed that the virus 
particle was not solid as had previ¬ 
ously been though! but actually is a 
hollow tube; and further established 
the nature and position of RNA in 
the viral panicle, U is sad that this 
promising young scientist was taken 
away from the scene of life on April 
16, I95S at a time when promising 
discoveries were expected of her. 

As a scientist Miss Franklin was 
distinguished by extreme clarity and 
perfection in her work. At the same 
time she proved an admirable guide 
to a research team. Her excellent 
working ability was not given due 
recognition by her co-workers and the 
scientist in her rebelled against such 
a hKrarchical setup. Beneath the 
outbursts of this struggling genius 
was a magnanimous woman, whose 
sirength and wisdom of character 
Nvere reflected in her honesty and 
austerity of life, Her sincerity to 


work reached the ttnith wbe 
stricken wt^ a fatal illness, si 
continued to work ri^t upto tk 
etuL She was often criticised for ht 
simplicity, dbliked for her outspoke 
nature but quietly admired (feared' 
for her ingenuity so much ao thi 
at one time Maurice Wilkins (wh 
worked at King’s College and latt 
shared the Nobel prize in 1962 wit 
Francis Crick and James Watso 
for solving the problem of DN/ 
molecule), hiaseif a novice in th 
X-ray lechoiquet, wanted som 
expert assistance from Miss Frmnkli: 
to speed up his work, Watson latent 
marked in The Double HtUx (A wo**' 
in which James D. Watson tells of th 
events which led him in 1956 to th 
discovery of the struciure of DN> 
and subsequently win the Nobe 
prize) **]t also became apparent It 
us that Rosy*s (Roulind Franklin' 
difficullies with Maurice (M. Wilkins 
and Randall (J.T. Randall) wen 
connected with her understandabh 
need for being equal to the peopk 
she worked with”. 

Pranklln*s eeatriboHoa to the itrue 
tare of DNA 

TTie tale of DNA revolved roum 
five people: Maurice Wilkins, Rosa 
lind Franklin, Linus Pauling, Francii 
Crick and James Watson. Wilkins, 
Crick and Watson shared (he Nobel 
prize for this achievement in 1962, 
Linus Pauling was also honoured 
elsewhere. Franklin was the only one 
in the race who was left in oblivion. 

The importance ofFranklin's work 
was lost sight of partly because of her 
untimely death, Her contributions 
to the structure of DNA have been 
lucidly deuiled {Nature, 1968) by her 
friend and closest scieniiflc colleague 
A Klugofthe MRC Laboratory of 
Molecular Biology. Cambridge. As 
early as I9S2, Miss Franklin had 
suggested a helical struciure for llie 
DNA molecule. She recognised its 
two states ’'Crystalline and Wet” 
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^ and B in Uter tenninology) and 
live the technique of preparing tod 
kking their X-my photographs, 
he discovered the B form and defined 
^nditions for the transition of the 
VO forms. She mterpreted the 
tree-dimensional Patterson func* 
on. The use of dau made it 
osiible to propose an orientation for 
le helical molecule m the unit cell 
nd also the position of the phos* 
hate groups along the helical chains, 
tus establishingthe essential features 
f the DNA configuration. AtXtr 
te formulation of the Watson-Cnek 
tode) she demonstrated that i double 
elix was consistent with the X«ray 
aitem of both the A and B forms. 
It is not the least surprising when 
ne studies her papers and notebooks 
nd realizes how close she herself had 
ome in the progress of her work-- 
Ibeil in disconnected fashion at 
iflerent limes^to various features 
f the structure contained in the 
orrect solution'*, opined Klug. 

Watson at one time admitted 
hat the X-ray pictures made by 
'ranktin and Wilkins at King's 
*ollege, were shown to him and 
!rick who were working on a 


Bacterial 


[ T is a ;deasanl pastime for a 
bacteriolo^st to see through his 
nieroscope aad observe the minute 
features, the bacteria—moving in the 
ilm of liquid in their characterislic 
ray; some moving like snakes in a 
igzag way, others revolving like a 
»ropeller while moving forward and 
»ackward, and still others dashing 
traightway from one end of the 
nicroscopic field to the other. Bac- 
erial motility is generally 
vith the presence of very thin, slender 
md delicate ippendagei called 


model of DNA molecule which was 
going on badly until then. The X- 
ray photographs showed that the 
DNA is a belu, not a simple but a 
double helix, and that the phosphoric 
residues are on the oubide. The 
essential fenturts of the DNA pattern 
were dear to then and **onty minor 
modificaiioAS were necessary in 
our backbone configuration." A 
few weeks later. Watson and Crick 
had the model completed and publi* 
shed their results (Nature, 1953). 

Her friends and colleagues have 
paid glowing tributes to Miss 
Franklin, but the finest that could 
come was from her one lime 
rival Watson who confesse after 
her death: "We came to appreciate 
greatly her personal honesty and 
generosity realizing yean loo late the 
struggles that the intelligent woman 
faces to be accepted by a scientific 
world which often regards women 
as mere divenions from serious 
thinking." 

Snek Paxaiu Mehta 
hMicaihns d hformatloH 
Directorate, 

Hillside Rood. 
New Deihi—nOOI2 


flagella 


flagdb (singular—flagellum). This 
property of moveoent it, however, 
nqt possessed by all bacteria. 

Depending upon thb character, 
the bacteria art broadly divided in¬ 
to motik and noxt-motlle bacteria. 
The coccoid bacteria, i.e., those 
having spherical or ovoid structures 
are mostly non-flageUated and so 
non-motik while many of the rod- 
shaped bacteria and most of the 
spiral bacteria possess flagelU and are 
consequently mottk. Mendon may 
be ^re of two other groups 
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of bacteria, the spirochetes and 
myxobacteria, which are nonfiagel- 
Itted but iliU possets the prr^perty 
of gliding or creeping movement 
It should also be noted that bacte¬ 
rial motility should not be confused 
with "Brownian movement". In the 
latter case, bacteria do not move but 
only vibrate due to the bombardment 
of bacterial cells by the molecules of 
the fluid. 

Strndure af flagdU 

Flagella of bacteria are structurally 
difierem from the cilia and fiAgclta 
of aninuls and higher plants. Bac¬ 
terial flagella ire thin (width about 
0.05 m and length 5-1 2 m), wavy, 
filamentous and helical appendages 
consisting of two or three tightly 
wound strands. They are too thin 
to be seen with an ordinary light 
microscope To reveal them with 
ordinary microscope, a special stain* 
mg technique is employed using a 
mordant such as tannic acid which 
causes precipitation of the itainini 
reagent forming a coating on the 
flagella and making them thicker 
The wavelength and amplitude oi 
the helix tre characteristic of the 
bacteria. 

The number and arrangement ol 
flagella on the bacterial surface vaiy 
considerably with different species 
Four different groups are general I) 
recognized—a singk flagellum at om 
end of the bacterial cell is called 
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nonotrichooi type as to Vibrh; % 
ufl of Hftfella atUcbed at one end is 
alkd cephetotrichousii in Fsewi^ 
nonas, while tuft of flagellt it both 
nds is called tophotrichous it in 
\piriitum: end flagella dtstribuled 
venJy throughout the surface ire 
alkd peritrkhous type. e.g.. in 
^QcUius and Eschtrichia (Pig. 2). 


^^healflry ef fligelli 
FlageUa differ m chemical uturc 
rom the bacterial body. About 9% % 
tfihe loiil weight of flagella is com* 
kosrdofi proteincallcd flagcllin. The 
liter is a flbrous protein just like the 
nuscle protein, myosin. In some 
ases it has also been reported that 
kurifled flagella dissociate at mild 
ddity to yield a soluble globular 
trotein with molecular weight 40,000. 
t has been fousid that even in gmn- 
oiitive bacteria whose cell wall 
oncaioi a few amiao acids, the 
lagellar proteio on bydiolysii gives 
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4 different amino acids thus pointing 
ut to a differtnce in the nature of 
agella and cell wall. The flagellar 
>rotein is aho considerably more 
esUtant to tryptic digestioo than the 
ytoplaim. 

Itigln 

Some believe that flagella are mere 
ktensions of the cell wall while others 
lOld that flagella originate from cyto* 
liim. Two direct and convinciog 
vidences indicate the cytoplasmic 





CEPHALOTAICHOUS 


Pit. 3 DtOmmt trpm Bififlsr ■nw^ m c t la bMtwte 


origin of fUgetla. Electron micro¬ 
graphs have shown the flagella pene* 
traiing the cel) will and esiending 
into the cytoplasm. Still other 
photographs have shown that flagella 
onginau from minute cytoplasmic 
granules (0.1 to 0.25p in diameter) 
calied basal granules It has abo 
been shown that when cell wall Is 
dissolved with agents like lysozyme, 
typical flagella are still present 
attached to the cytoplasm. Also, 
the difference in chemical nature of 
ffsgells with cell wall favours its 
cytoplasmic origin. 

How do flt«eUa help in moremcni 

ActusUy how locomotion in bact* 
eria takes place is still a mystery. 
The metabolic source of energy for 
bacterial motility^and conversion of 
chemical energy into mechanical ene¬ 
rgy by the flagella is still a vexaiimis 
quesduD. Little exact knowledge has 
SO far accumulated. It is believed dkit 
a mechanism similar to that in cont¬ 
raction of musk fibres takes place in 
bacterial fUgcUa. It is a known fact 
that isolated musek fibres can con¬ 
tract when supplied wnh ATP 


(adenosine triphosphate), and durie 
this contraction ATP breaks dow 
into A DP (sdenosine duphosphat 
and inorganic phosphate with simu 
taneous liberation of energy, 
similar roechanisn operates durn 
contraction of flagella. Though dim 
evidence U lacking, tome indtrei 
evidences indicate that a stead 
supply of ATP b required for mail 
tenance of flagellar movement. 

It has beta observed in moti 
specks of bacteria that when cc 
wall is removed keeping the flagell 
intact, they loose power of moiilit; 
This suggests that ceil wall may hai 
a direct rok in motility of bacteria < 
acts as an auxilliary organ in flagelh 
action. 

The speed of locomotion in bai 
teria is actually slower than it appeal 
under the microscope, for the obviot 
reason that the microscope magaiflt 
the apparent ^)eed)usf as it magnifW 
the sitt of the organism. The avi 
rage speed of bacteria is general! 
not more thaa lOcm per hour, thoug 
some species of yihrh esn attain 
sp eed ai high as 20 cm per hour. 
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The hydrof en bond 


r HE simplefi fttoffl, bydra^a, 
hu AitQfle etectrooiR its orlxt 
l>e ftpatul ditthbutkm of cJcUitm 
n tn ttom is usu&lly represcoted by 
Tbiuis tod U espniKd malboMti- 
ally by wave fuactioo. The Kioare 
f the electron wive fDiictioa at a 
cint tn ibe oonfigurabon space is 
iroportional to the probability of 
indins Ibe electron it that point 
1ie conoeplioA of electron dcud 
eait a physicaJ meiaiog. The eke- 
ron cloud in Lt orbital is sfdierkally 
ymmetrica] about the central ati- 
Ictii. Hydrogen, in nature, mists 
s diatomic molecule and the eova« 
!nl bond is responsible for its dtatO' 
ik nature. Tlie overlap of the Is 
Tbitals of two H atoms forms a 
table covaleni bond. 

A oovaicni bond is made up of a 
hired eleclnm pair and Is sometidKi 
eferre d to asan electron-pair bond. 
Is the two H atoms in a mokcuk 
re ideoticat, the electron pair is 
bared equally and the electron doud 
i syrometrical. When a covakat 
ond is formed between unlike atoms, 
be electron charge becomes uosym- 
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metric. In raygen nokevk. having 
sia cfcetroni ia the outer shell, the 
vakace bond may be in two ways: 
a donbk bond may be formed bet¬ 
ween two oaygen atoms; the oxygen 
mokcn l e . hke hydrogen, may be 
hdd together by a single covaknt 
bond. Each aw>kcuk. therefore, 
has two eketroui which are left un¬ 
paired. Tliii accounts for the fact 
that wh et her in its solid or liquid 
or ga w o u i state, has the property of 
hdag attracted by a magnet —a pro¬ 
perty whi^ is rare except among 
Bctak and metallic salts. 

la HO, O is more electronegative 
than hydrogen. Tbe electron douds 
are despkeed more towards O, 
kaviag the H atom with partial 
powtive charge. This typical cova¬ 
knt bond is called a polar bond, as 
the mokcuka are dipok in nature. 
Whea the ekctrooegaiivity diffe- 
moe is snffktentJy large, electrons 
may be transfemd com|detely from 
one atom lo another, creatiog a pair 
of ions of opposite and equal charge. 
Them ioas fona iooic bonds. An 
kwk bond is rcspoiuibk for holding 
sodiain and chlorine atoois together 
in lodinm chloride. 



When hydrogen and oxygen com¬ 
bine lo fom H|0, tbe shape of the 
resnlting orbital detmunes tbe dis- 
thbntioa of positive and native 
<hai^ within the wbok molecule. 
Tht rcsnltant ntokcule H«0 is what 
B a poUr nokcuk because its 
p T i iti*** and Mgatxve diarges are 
not evenly around the 

centre (Fig. I). 

TUs model of HfO introduces a 
eligbt polarity ia tbe mokcuk. The 
eoMiaikt of water is 80. 
Tbk kr^ diekctric eonstaat makes 



water a universal chemical solven 
When the vreak ionic bond of NaC 
is broken by dissolving it in watei 
Ibe attraction between positive an 
negative ions is reduced by l/SOt 
as compared to vacuum. Then 
fore a permanent dissociation occur 
But the dipole moment of a singl 
molecule of water alone cannot ei 
plain the high solvent property c 
water. 

The freezing and boiling points < 
a substance are related to its moU 
cular structure. It is reasonabi 
expected that substances having 
similar structure should freeze o 
boil at the same temperature. Subi 
lances having higher molecule 
weights require higher temperature 
for a change of phase. But, on th 
contrary, it is found that water ha 
higher boiling and freezing point 
than iU functional isomers H|T< 
H|Se and H^S. An estimation c 
freezing and boiling points of wau 
with the consideration of the orde 
of molecular weights of these nobt 
gases leads to tbe expectation of thes 
values to be about 173 K and 19 
K respectively, but they are ver 
high. 

There are many other peculiaritie 
in the physical properties of watei 
Water hu a high heat capacity. It 
specihe beat, that ii, heat capacit 
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per kilogram k 4JS5 i 
Water can store more heat energy 
with less atomic and molecular agita¬ 
tion. We put this property to prac¬ 
tical us<s> ice for refrigeration, use 
of water as coolant in thermal reac¬ 
tor. etc. The heat of vapori^ation 
nfwateris2256. ID’J kg'* whkhis 
highest among all known substances. 
Because of this property water acts 
B.s an effective mediator in the pri¬ 
mary regulating mechanism to con¬ 
trol the temperature of animals ami 
plants 

The anomalnusbehaviourof waiei. 
however, requires a sdeniihccsplanH- 
Jon. The two hydrogen atoms, shar- 
ng their electrons with the oxygen 
tlom, completely expose their rtuclei 
Fig. I). Each of these exposed 
>osi{ive charges exerts an attractive 
dree upi)n any single or unpaired 
lectron-and because oxygen atom 
tappens to have two such unpaired 
lectrons, each water molecule is 
ihle to form four hydrogen bonds. 
Vaier shows a tetrahedral coordina- 
ion urnumf each oxygen atom 
i'ig. 21. Two such water molecules join 
0 form a complex, and ihc pheno- 
nenon is called molecular nvsocia- 
ion. The dipole moment is now 
irlually doubted. Hence ihc ability 
if water to form H-Kortds accounU 
dr its uniiHUiilly large dklectiic cons¬ 
ent, and this, in turn, increases its 
apacity us a solvent. Ak the mole- 
ule of water is a chain type, ils 
pparent roolecular weight k incrco- 
Ml. This ill I urn increases its frcc^- 
and boiling points. 

lydrogen bond 

I [tc (inusuiil properties of water 
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have been satisfactorily explained 
by the postulate of 'hydrogen bond'. 
There are licveral hydrogen-bonded 
systems like waier. In general, hy¬ 
drogen bond is formed w^n a hy¬ 
drogen atom is bonded simultane¬ 
ously with two electronegative atoms 
A and B instead of one. The one 
which donates hydrogen atom for 
H-bond formation is called a proton 
donor (A) and the other which recei¬ 
ves the hydrogen atom is called a 
proton acceptor (B). For example, 
hydroxyl group (^OH) and amino 
group INH|) are proton donors and 
the lone pair of electron of an electro¬ 
negative atom and a «electron 
orbital of a multiple bond system 
are the proton acceptors. Increase 
in I he eicctroncgalivity of an atom 
cnhomes its capacity to form H- 
bond. The hydrogen bond is mainly 
electrostatic in nature as il k formed 
as a result of attraction a covalently 
linked proion by the unshared ele- 
trons of an atom of another mole¬ 
cule In almovf all H-bondx this 
proton is not equidistant from the 
iwn atoms linked lo il. but is nearer to 
I he atom with which h is covalently 
linked. In the case of water. 0—H 
•inJ O.. H distances are found to he 
tJ A and 1.76 A respeclively by 


TRANS fORM 
JN1FR MOLECULAR 


4 

neutron diffraction method. Tit 
potential energy curves for the hypo 
ihctical motion of a hydrogen alofl 
along the bridge provide an ingeniou 
way to predict the exact position o 
the H atom. 

H-bonding. in most cases, cause 
a decrease in the total number o 
free molecules and an increase it 
the average molecular weight leadinj 
to an increase in viscosity. Also lh< 
formation of an K-bond. A—H. .B 
leads to an increased polarity of th< 
bond A " K and hence to a largej 
dielectric constant and a greater di* 
pole moment. The energy of H-bond 
IS small. It is o 1 the order of 20x 
IO*-40- 10 * J Mole”*, while energy ol 
the covalent 0»H bond is 40x10^ 
J Mole'*. When the temperature is 
increased, the molecular complexes 
begin (u strain themselves against the 
weak H-bond forces holding them. 
As soon as the strain is suffkient 
enough H-bonds are broken. When 
ice melts, about 15% of all the H- 
bonds are broken. About half of 
the H-bonds are broken at 513 
K. Water vapours contain practi¬ 
cally AO H-bonds. 

H-Honding is distinctly directional. 
It can be taken to be approximately 
linear but an appreciable variation 
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I the angle /. A—H.. B can occur, 
in unccriainly of about 2Cr eaisu 
I I he prediction of the orientation 
f the H-hond. 

hi general. H-bond^ can be broadly 
lati^ilied into three diatinct type». 

fn/4frmoiei uior H-bon(fiftg (moiccu- 
ir chain) It forms as a result of 
ttraction of a covalently linked 
roton by the unshared electron ofan 
lorn of another molecule. H*bond- 
ig in water is an example of this 
/pc. from womb to cemetery, our 
fe in based on water. The human 
ody is about 65 % water by weight, 
lood IS water and some tissues 
ich us brain, lung, kidney and 
msclc contain about 80% water, 
ven our bones contain 22% water, 
he detailed studies of structure of 
aier olTer a key to the understand- 
ig of the structure of biopolymers. 

/nfermofe^ular H•bonding (cyclic 
imer). Tlie H*bond in carboxylic 
ctds does not break even when it is 
vaporated, which shows that the H- 
ondi: In such cases are stronger, 
be oxygen atoms of carbonyl 
roups can form much stronger fr¬ 
onds leading to the formation of 
table double molecules of formic 
dd and acetic acid. Such a comp- 
ix formation is called a dimer 
Pig. 3). The formation of cyclic 
inter is well established by electron 
'iffraction methods. 

Intramolccutar ft'bo/uiing. It occurs 
^hen a proton donor and a proton 
cceptor on the same molecule 
re in a favourable spatial conhgura- 
lon. Typical molecules which exhi- 
lit intramolecular H-^bonding are 
irthohalogen phenols, orthohydroxy 
etones and diols. Intramolecular 
I^bonding occurs only when the 
lolecules are In a cis-conflguratlon. 
n a trans-conflguration, only mler> 
itolecular H-bonding can occur 
Fig. 4), 

iHhodi ofMttdy 

Speetrosvoplc methods, Infrared 
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and Raman spectra reveal the cha¬ 
racteristic frequencies of molecular 
vibrations. Such frequencies are 
fixed by the masses the vibrating 
atoms, the molecular geometry and 
the restoring forces bolding the 
atoms in their equilibrium positions 
in the molecule. Because of mole- 
cular interactions, frequencies of 
normal vibrational modes of a mole¬ 
cule are shined to higher or lower 
values and the integrated intensity 
of the characteristic vibrational band 
is also modified. These spectral 
variations are mainly due to the 
result of interactions of the electron 
clouds of molecules which are in 
close proximity. 

In general the integrated intensity 
is increased and the stretching mode 
and its harmonics are shiBed to lower 
frequencies by H-bond formation. 
In many systems, the shift is 10% 
of norma) mode of vibration. 
These spectral variations correlate 
very wdl with important chemical 
and physical properties of H-bonding 
systems. The correlation is based 
mainly on the fact that the forma¬ 
tion of an H-bond restricts certain 


M uch attention has been focus¬ 
sed recently on the atmospheric 
pollution caused by the waste pro¬ 
ducts released by engines of high- 
altitude planes. Nitrogen oxides and 
sulphur dioxide released by p^nes 
react with ozone in the stratosphere 
(11-30 km from the surface of the 
earth). They rcOitce the comxntrm- 
tion of ozone, which is maintaioed 
by natural processes. Because any 
d^rease in ozone level ts bound to 
adversely alTect mankind, pUnti and 
animals on our planet, various pro¬ 
posals have been pul forward to 
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rotational and translational degree 
of freedom and forms an equal nuir 
ber of new vibraiional degrees c 
freedom. 

Oieicetric potariiathn method 
The structure of a molecule a.xsocit 
ted or non-associated can be we 
analysed from iu dipole moment, an 
from which the excess of moment du 
to H-bonding can be determines 
The nature of H bonding inlera< 
tions becomes more informative wit 
the knowledge of excess moment, i 
the dipole moments have dircclioi 
ally additive properties. The fur 
damcnial quantity, which ii deper 
dent on both polarizability—the sut 
of orientation and distortion polar 
rations, and the dipole moment . 
the dielectric conslant. The djele< 
trk constant of a substance can t 
determined by measuring the capt 
cUance of a parallel plate condenst 
with and without the substance pit 
ced in between them. 

M. Meyyappa 
Lecturer in Physh 
Govt. College, Kumbakonot 
{Tamil Nadi 


regulate or even ban the flying c 
high-altitude planes. But it scemi 
potentially far more dangerou 
pollutants are being released by u 
from the surface of the earth. The 
are the fluorocarbons such as Cl 
Cl« (fluorocarbon-l I) and CF|C1 
(fluorocarbon-12) used extensive! 
(under various trade names) as rt 
frigeranta. solvents and propellant 
in aerosols. Fluorocarbons fln 
came into use as refrigerants aroun 
1930 because of their valuable propel 
ties, like noo-ioflammability, lo' 
toxicity and low chemical reactivity 
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LAter on, when low pres$ure values 
were developed, fluorocarbons be¬ 
came the standard propellants for 
dispersing aerosols. Since 1955, their 
rate of production has increased 
progressively reaching a staggering 
Afure of 1.7 billion pounds in 1973. 
The huge amounts of these products 
being used and released to almospbere 
are probably causing an irreparable 
damage to the atmosphere. First 
scientiAc reports indicating signiAcant 
reduction in ozone level due to 
release of Auorocarbons became 
known in June 1974 only. However, 
since then a number of scieniiAc and 
other bodies have expressed concern. 
As a consequence a Federal Inter¬ 
agency Task Force on inadvertent 
ModiAcaiion of the Stratosphere 
(IMOS) WA« created by the US 
authorities in January t97S. After 
going through all aspects of the 
problem, the task force has issued a 
report in June 1975 con Arming the 
gravity of the problem. 

Hie stratosphere acU like a trap 
in our atmosphere where many 
chemically active constituents are 
present. They react with one another 
lo maintain a delicate balance. The 
most important chemical present is 
ozone (0»). It is formed in the 
(tratosphere by a two-step process. 
First, a molecule of oxygen (Ot) 
IS dissociated by ultraviolet (UVJ 
radiation into oxygen atoms and then 
another oxygen molecule combines 
With an oxygen atom lo form 
3zone. 

UV 

0,- ^ 0+0 (i) 

0|+0-V 0| (ii) 

rhe rate of formation of o/'onc is 
^nlroUcd hy the incoming UV 
adiation. It is. therefore, indepen- 
lent of human control. Ozone is 
ontinuously desttroyed in the 


stratosphere by reacikMis: 

o,+o-o,+o, (iii) 

0,+CI-V CIO+O, fiv) 

NO+CIO—►CI + NO* <v) 

The natural concentraCkMi of ozone 
is maintained by baUodog of ozooe- 
formlng and ozone-dcstroyiiig me* 
lions. 

The atmospheric layer of ozone 
surrounding us ecu like a blanket, 
shielding us from the harmful UV 
radiation from the sub. UV radia¬ 
tion represents energy io the low- 
wavelength and hi^^energy part of 
the electromagnetic spectrum. This 
radiation, specially that in the range 
of 280nm-320nai called UV-Bradi- 
aiion by bidogisu. can cause damage 
lo human, animal and plant systems. 
Bui, the intervening Uyet of ozone 
in the stratosphere cootiDuonsty 
absorbs UV radiation giving olT the 
absorbed energy in the form of beat. 
The mechanism of absorption of UV 
radiation and subsequent release of 
heat probably iovofves eadled stale 
of ozone molecule as the ialcr- 
mediate. 

As mentiooed earlier. Cl and NO 
radicals can destroy ozone, bal 
fortunately their Batural coocentra- 
lion in stratosphere is limiled. The 
picture will change drastkalty if any 
man-made malehab coolaiaing these 
groups were to rewb the stratoaphera. 
Most ordinary chemicals cootaensag 
('I and NO groups decompose in 
our immediate neighbourhood, tro¬ 
posphere (0 km- II km fron the 
surface of earth). Thedecom p o sns oa 
products get back to the surface of 

earth via rainfall or other «**^«>* 
On the contrary, Buorocarboos are 
capable nf reaching stratosphere, 
being virtually inert in trop osp h er e. 
Once they reach siralosphese, Aooco- 
carboAS are capable of abuoibiag 


solar energy in the form of U 
radiation and decomposes. Tti 
decomposition products include rea 
tive Cl and F atoms which can caui 
iigniAcant reduction in ozonc-leve 
leaviag us lo the mercy of U 
radiation. 

Bkdogisu have found that expoiur 
to UV-B radiation can cause iki 
cancer, sunburning and skin-aging j 
bninans. Tlie radiations are absorb 
cd by cornea and lens in the ey 
leading to photokeralitis 
cataraett. Since the radiation is no 
sensed by Che visual receptors of lb 
eye. the damage ii caused without ih 
individual knowing about it. Nuclei 
adds DNA and RNA absorl 
strongly around 260 nm. hence the; 
are Che most sensitive sites for U> 
injury in plant and animal cells. Thi 
absorbed energy, if not lost as heat 
may be used in altering the chemica 
structure of the absorbing molecule 
Because of their importance in sio 
rage and transmission of genetic in for 
matkMi. any change in the chemica 
structures of nucleic acids, DNA am 
RNA, on increased UV absorption 
win have drastic resulU. Preliminary 
studies carried out on microorganismi 
indicate that both the irreversible 
aud phoioreversible types of injury 
are caused. Proteins are also suscep¬ 
tible to UV injury, because the) 
absorb stron^y around 2(10 nm 
Other possible effects include change! 
iu growth characteristics of certain 
food crops and change in the effective- 
MSS of ^ricuttural chemicals like 
pestksdes. Finally, some scicotists 
believe that change in ozone con¬ 
centration io stratosphere may drasti * 
caDy change the weather elements 
h'ke tem p e ra ture, wind pattern and 
psedpitatioo, ele. 

B. C Shakua 
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Chromosomal aberration and 
associated diseases in man 


[ T ii A very commoB experience 
Uut t mingo ptiBt, whcfi prope- 
attd dtber vegeuiivdy or ihrougb 
eedt, aJwAya produces a manfo 
laal. A banyan never produces 
ny tree other than the banyan, 
lie sutemeot ii tnic not onJy of 
lanti but alio of aniiMls. These 
asic simllantiee between parents 
od ofTtpnop are said to be here* 
itary characters and the transmis* 
ion of these characters from one 
sneration to Che other is governed 
y structures known ai chromosomes, 
hese chrorooiomei are microieopic» 
iread-like structures coRsisting of 
iNA and protein, a definite number 
f which occurs in the nucleus of 
oimal or plant cell. The great 
delity with which chromosomes 
raoBxnit the hereditary characters 
lake amply clear their role in de* 
^nnining the actual build-up of an 
rganism. So it is natural that any 
eviatlon in chromosome number or 
tnicture in an organiim will lead 
) structural and functional varia- 
ons in that organism. 

Normal human beings contain 46 
hrotnosomes arranged in 23 pairs, 
f which there are 22 pairs of nonsex 
hromosomes or autosomes. There 
I a pair of sex chromosomes XX in 
K female and XY in the male, 
ioreover, on the basis of length 
od some morphological similarities 
H 22 pairs of autosomes are divi- 
ed into 7 groups, designated as 
k,B,C,D,E,F, and C. Any deviation 
rom the normal chromosomal set- 
p in any individual leads to clini- 
illy recognisable disorders. Many 
^pee of chromosomsl aberrations 
nd the associated disorders have 
een described in human beinp. 


Chremnesmel trinay and meaeeemy 

Chromosomal trisomy ii a case 
where there Is one extra chromosome 
so that the total number of chro¬ 
mosomes become s 47. In case of mo- 
oosomy, however, one chromosome 
of a particular pair is absent making 
a total of 45 chromosomes only. 
The best known clinical condition 
caused by chromosomal trisomy is 
called Dosm'i syndrome or mongo¬ 
lism. In these persons, there are 
three chromosomes of the No. 21 
autosomes. Persons with this de¬ 
fect are stunted in growth, have 
characteristic slanting eyes, stubby 
hands and a very poor mental deve¬ 
lopment The inddeoca of trisomy 
21 is about 1 in 600. Advancement 
of mother's age increases the chance 
of mongoloid births. Trisomy of 
other autosomes are also known— 
one in (he 17*1S autosomes and the 
other in the 13-15 group. Indivi¬ 
duals with these conditions usually 
die in infancy. 

Trisomy of lex chromosomes re¬ 
duces persons with clinical symp¬ 
toms known ts Klinefelter's syn¬ 
drome and have a chromosome com- 
ptement of either XXY or XYY (in 
addition to the 44 autosomes). Per¬ 
sons with XXY complement occur 
in one of 500 live births. They 
appear as males but are sterile and 
a tendency towards femaleness can 
be recogniad. Men with XYY 
abnormality are characterised by a 
very Ull phy5^kal hei^t, extreme 
aggressiveness end criminal atti¬ 
tude. Trisomy of the X chromo¬ 
some also occurs and such females 
(44 autosomes plus three X chromo¬ 
somes) are found in the proportion 
of about one per 1000. They are 


normal in growth, fertile but ar 
mentally defective. 

If a ^rm cdl (sperm or ovum 
lacking a chromosome unites wit] 
a normal germ ceil, (he resultini 
individual will have 4$ chromosome 
and the condition is known as mono 
somy. A complement of 44 auto 
somes and one X chromosome give 
rise to a female with an abnormalic; 
called Turner's syndrome. This ab 
normality occurs in the ratio of 
in 5000. The symptoms includ' 
incomplete or faulty development o 
the ovaries, short stature, low-se 
etis. webbed neck, and shield-Uki 
dteil. Persons monosomic for ai 
auloiome are not known, that is 
when an autosome is missing the ferti 
iixed ovum apparently does no 
survive. Similarly, loss of an ) 
chromosome resulting in 44 auto 
somes and one Y chromosome i 
also fatal. 

The cause of these anomalies ii 
chromosome number lies in ih 
faulty cell oivision during formatroi 
of sperm or egg cells. In this defect 
known at “meiotic nondisjunction" 
a pair of chromosomes fails to sa 
parate during the reduction diviiioi 
(meiosis) in the formation of th' 
germ cells. One germ cell contain 
both of a pair of chromosome 
white the other cell lacks that chro 
mosome. Normal germ cells con 
tain half the number of total 4* 
chromosomes, i.t., 22 autosomes an< 
one sex chromosome. As a reiul 
of faulty reduction division, som 
germ cells contain 24 chromosome 
and the other will have 22 chrome 
somes. When such abnormal gem 
cells take part in the formation o 
the foetus thm occurs aberratioi 
of chromosome number in the re 
suiting individual. 

Cbrnmeinmal triMliriHna 

aid M6 m 

In translocation broken pai 
of a chromosome gets attache 
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0 another, reaultio^ in abnor- 
nality. The best known traosloca- 
ion is found in a type of Down's 
yndrome. In deletion, a part of a 
hromosome gets lost. The loss of 
segment of chromosome in the 
*5 group causes a syndrome known 
s the 'cri-du-chat* characterised by 
. cat-like cry of the child. The in- 
int is physically and mentally re¬ 
sided and dies in childhood. 

a 
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Persons with this type of abem- 
Ion have at least two dilTerent types 
cells with respect to chromosome 
lumber. Mosaics appear due to 
ailure of chromosomal separation 
luring the first cell division after ferti* 
ization. As a result half of the 
ndividuari cells are thsomie and 
lalf are monosomic for that parti- 
iilar chromosome. With advance- 
Dent of age the proportion of cells 
epresentiag the two cell lines would 
ary in dilfcrent tissues. Mosaic 


r HE black buck {Antitope ctrvi* 
eapro) is the sole representative 
rf the Ant Hope and Is typically Indian 
n distribution. When the species 
oamed in herds about the open 
woodlands and cultivated tracts of 
ndia. it formed the staple food of 
he extinct Indian cheetah. These 
uge herds, which fomied an easy 
irget of the hunters, are now gone, 
lie remaining black bucks are only 
few in number and they cling to 
te last vestiges of their former 

snges in small scattered groups. 

ome authorities recognise four sub- 
xcies of the black buck. Of this 
ntifope ctr'Heopra centralis occun 
I central India. Aniihpe Cervicapea 
}lpytamec in Rajasthan and Punjab, 
intilope Cervicapra rvpricapra in 


ism may also result from loss of a 
chromosome. The effect of cbro« 
mosomal mosaicism varies from 
mild to severe defects in the actual 
build-up of the organism. 

In addition to Ibe above dlsordersi 
many other diseases of man are 
known to occur due to defects in 
the hereditary material. Disorders 
like ilkaptonuna, pbenylketonuria. 
cretinism, albinism, galactosaemia. 
sickle-cell anaemia, thalusaemia 
and many others may be mentioned u 
examples. But as these diseases are 
due to defects in the structure of 
deoxyribonucleic add (DNA) of chro¬ 
mosomes and do not involve gross 
chromosomal aberrations like ano¬ 
maly of chromosome number or 
structure, they merit a separate 
discussion. 
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Uttar Pradesh eastward, and Ansi- 
tope Cerficapra in Southern India. 
The states of Assam, West Bengal 
and Kerala art said to have no black 
buck. In Orissa, the spcciea is con¬ 
fined to about 190 sq. km sand 
dunes on a spit of land that separa¬ 
tes Chilka lake from the tea. The 
species is on the verge of extinction 
in Uttar Pradesh and almost extinct 
in Bihar, in Mysore, Maharashtra, 
Punjab and Gujarat the black buck 
population lives in scattered groups. 
In Midhya Pradesh, a few hla^ 
bucks are found in Kanht Park and 
Shivapuri Park. A stronghold of tbe 
black buck in India appeara to be 
Western Rajaslban where it is found 
sporadically in the isolalad semi- 
desert paru protected in the past by 
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maharajti or local villagers. 

k is reported that in Tamil Nad 
a viable population occurs in ti 
Point Calimere sazkctuaiy but th 
is rapidly being poached out. , 
few have been introduced in Cl 
Guindy Deer Park. The autht 
has heard of tbe presence of tt 
black buck around the Lower Bhi 
vani dam in Coimbatore district an 
has seen a few in tbe Vallanad 
Hills, Tinjoelveli district 

The black bucks are medum-size 
slender atiielopes. Tbe bucks stao 
73 cm to 83 cm high at tbe shouldt 
and their total length is 120 cm I 
145 cm. The weight of tbe buci 
varies between 30 kg and 40 k 
while that of the does between 30 k 
and 3fi kg. 

in adult bucks, the back, side 
and the neck part of the face an 
outside of the legs are black. Tt 
chest, the abdoAen, tbe rump an 
the inside of the legs and tail ar 
while. A white ring surrounds eac 
eye and there hra patches of whil 
on tbe nose and chin. The nap 
is rusty. Tbe does and fawns at 
light brown in those parts of tb 
body where adult bucks are blac) 
and white in tbe remaining portion 
Adult bucks seem to undergo a 
conspicuous change of pelage colou 
during a molt. Homs are marke 
with rings and make three to fou 
complete spirals in adults. The n 
cord bom length is 72 cm. In tb 
yearting buck boms are withov 
spiral. In the seeoikd year a larg 
open rpM is developed. It is belie 
that tbe full number of spirt 
twists is attained with tbe dark cos 
about the »d of tbe third yeti 
Homed females are rtr^ met with 

The black buck nits throu^ou 
the year with two active breediit 
periods. The geetatioo lasts near) 
six months and the active breedini 
periods fall in Maidn—Apvil aai 
August—October months. Owim 
to this, the birth of the fawns coin 
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with the North EAit iitd the 
)uth Weit moQiooiiJ respectively, 
irth during the nins eoebks the 
WD to get miximiun cover and 
lod. Usually only one ihwn is bom 
a time. At timee twini are boro 
id the author has seen a doe with 
1^0 fawns in the Vallaoadu HUU. 

In areu where they are not dcs' 
irbed» they are diuraa] and are 
kpable of remaining in open areas 
‘Obahly tolerating direct sunlight 
uch more readily than other wild 
igulatei. But in disturbed areas 
Ice Vallaoadu Hille> they come out 
r the cover mainly after da^ and 
treat soon after the dawn. Black 
licks are mostly grezen. These ani* 
lals can wiihstand long periods 
jthout water and may have a me¬ 
lanism to derive metabolic water, 
milar to that found in herbivores 
hich inhabit deserts. 

The black bucks appear to have 
good sense of smell end si^t. 
ocaiization is poorly developed, 
fhen a black buck suspects danger, 
stands erect with head held verti- 
illy, and iu forelegs may be itamp- 
ig on the ground, la dighC they 
ave a peculiar means of progression 
tiled stotting or sprooking. While 
l>ronkiQg the animal bounds along 
lifT legged hitting the ground with 
II four feet in unison. 

One of the visual and olfactory 
igns used by the budes to mark 
tieir territory is the deposit of their 
leces at a spedBc location. A 
lUck. defecating at a dung pile, snifTi 
he pile and paws oBoe or twice with 
fore kg. Then it stands with hit 
orequarters stifT and erect, the had 
aised and the horns lying atmper 
parallel to the neck. The hind lep 
ire stretched far back. He urinates 
o this maAoer, ^en squats low and 
lefecates. lliis type of behaviour 
i not prominently exhibited by the 
iwks while defecating at other 
slices. Another way to mark the 
mitOTy U by scent. For this, the 





proAunent preorbiul glands are 
used to mark grasses and bushes 
with scent 

The kadcsihip of a herd is usually 
vested in an old and vi^lant fensale. 
Dominance among bucks is most 
commonly asserted with the bead*up 
display. During this behavioural 
di^lay the bu^ raises bis muxzle 
so h i^ that the boms lie almost 
aloogride tbe neck. The ears are 
folded back, lowered tod held some¬ 
what laterally exposing tbe white 
surface inside. The stubby Uil is 
rtired and curved up over the back 
making tbe white patch on the nimp 
cosspicaouf. With the preorbital 
^ands everted, the buck approaches 
his opponent at a prancing walk. 
Sometunes the bead may be hobbled 
up and down, flashing the white chin. 
Occasiotkally, the buck bounds for¬ 
ward in a stiff-legged gallop, utter¬ 
ing a series of harsh grunts and jerk¬ 
ing up his bead with each sound. 
The threatened buck usually turns 
aside. A direct threat consists of 
lowering Che bead until the muzxk 
loudkes the ground and tip 
of the boms is pointed at tbe oppo- 
neat. The posture may be iotimated 
by a rapid downward jerk of the 
bf td, a fBiturc usually luficknt to 
cause Che otber anlotal to retreat 
During oourtibip the buck sniffs 
the area or tim fresh nrine of a 


doe. With curled lip, preorbitaf 
glands everted and muzzle raised in 
a typical head-up display, the buck 
prances with short steps after the 
doe. Harsh grunts may be emitted 
while chasing the doe. The buck 
shows hit intention to mount by 
placing hit chin on her rump, a 
gesture which causes her to stand 
still if fully receptive or to walk or 
trot ahead if not. A few days be* 
fore parturition (he doe withdraws 
from the breeding herd and hu her 
young in a secluded spot. The doc, 
after giving birth to the fawn, may 
spend nearly a week in the vicinity 
of the young often visiting to 
suckle. During this period theyounf 
fawn spends much of the day lyin| 
quietly in a patch of grass or ihic 
keu. It joiru the herd with thi 
mother after a week or so. 

The black bucks are one of thi 
fastest running mammals of thi 
worid. Their speed could haw 
saved them in the past from thi 
cheetah, the hounds, the jackal ani 
Che men on boree back. But now 
igaiftst (he modern man, with hi 
jeeps and fire arms, the black buck 
have little chance of survival. 

A.J.T. JOUKSING 
AiiU. Frc/. of Zeeiog 
Ayya Nadar Jmaki Ammai CoHeg 

Sivakasi (T^N 
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klEWS & NOTES 


Is there a real 
menopause 
for males 7 

OT every man experiences a mid¬ 
age crisis, but the phenomenon 
eems to be fairly common. A 
'anadian study revealed that ''good 
amily providers", aggressive and 
,afd-working men, often experience 
he mid-life crisis. They seem to fear 
he loss of ability to work and are 
hreatened by younger men encroa* 
hing on their turf. Executives on 
he upper rung are also extremely 
uscepliblc, when they suddenly bc- 
ome aware that life should offer 
tore than work and money. Some- 
imes a husbands' mid-life crisis may 
arallel his wifes* physical and emo- 
iona) changes, the husband tries to 
how he is “sicker than she", 
kimctimes physical problems bring 
n the male mid-age crisis. They 
lay simply be physical signs that be 
i "not as young as be used to be", 
tis hearing and vision are not as 
harp as they once were; he is slow- 
Qg down. Looking at these signs, 

. man may be depressed by the fact 
hat his life is at least half over. A 
nan may wake up to the fact that 
e has not achiev^ tiic goals in life 
« had set earlier. He may feel he 
as gone as far as he can on the eco- 
lOmic ladder. He broods over mis- 
sd chances and may have a morbid 
tar of being fired A mid-life cri- 
is can be triggered by a death in 
yc family, lots of job and chronic 
InesM. For example, one man's crisis 
egan when his wife decided to go 


back to work after their youogest 
child left faMne. Wkb incoroe of ber 
own as a nurse, sbe was more inde¬ 
pendent and her husbands* ego was 
undermined even though he bad no 
objections to her working. 

The big question about male mid¬ 
life crisis is. what will the outcome be? 
For most men. the probtera is tern* 
porary and mild, as menopause is for 
most women. But it can result in 
risk taking either suenuous physical 
activities or financial gambles in the 
stock market, says psychiatrist Her¬ 
bert Klcmme of the Menningrr 
Foundation. Some men during mid¬ 
life crisis experience panic, depres¬ 
sion, temporary impotence, or be¬ 
come alcoholics. Doubling his 
sexual adequacy, the man may seek 
to boost his ego with extra-marital 
affairs. 


D r. Jacques Lucien Monod. 

Director of Pasteur Institute in 
Paru and the Nobel Prize-winniog 
French biologist, died recently in 
his home at Cannes at the age of 66 
years. He shared the 1965 Nobel 
Prize for Medicine or Physiology 
with two colleagues at the Pasteur 
Institute, Francois Jacob and Andre 
Lwoff, for research on the mecha¬ 
nisms of biochemical reactions in 
the living cell. 

Bom on February 9. 1910 in Paris, 
young Monad received his Ph.D. 
degree from the University of Paris 
and remained there fill 1945. He 
then joined the Pasteur Institute as 
a ronlogy instructor. He was named 
head of the Institute's department of 
cellular biochcmklry in 1954 and 
director in 1971. He was a profes¬ 
sor (»n the faculty of science at the 
University of Pans from 1959 to 


Good things can also come out < 
the mid-Ufe crisis. After askir 
*'whtTt do 1 go from here?", a ma 
may reorganize his career, person) 
hty, and family life around new ol 
jectives. Some men resolve to tal 
better care of (heir body or kick tf 
smoking habit, or start exercisir 
regularly. The best way out of tl 
male mid-life crisis is for a man l 
accept the fact that he is growir 
dlder. He needs to give up unret 
listic goals and realize that he sti 
possess much untapped potent!) 
to draw on the rest of his' lif 
Men in their 40's and 50's ca 
take heart in the fact that the 
fnenda of the same age are probabi 
undergoing a similar experienc.^ 
even If they are not talking about i 

R Rac;hunatha 


1967 and a professor of motecula 
biology at the College de Franc 
from 1967 to 1972. He was 
Rockefeller Foundation fellow \\ 
1936 and a nonresident fellow of th 
Salk Institute in 1968. He was 
hero of the French Resistance. H 
held both the Croix de Guerre an' 
the American Bronze Star. 

With Dr. Jacob, Dr. Mono* 
studied (he mechanism of regulatioi 
of protein synthesis in the living cell 
demonstrating how one type of gen 
in Its nuclei holds the template fo 
proteins (to be synthesized) whtl 
another gene regulates (he rale c 
synthesis based on whether a givei 
protein is in short supply or ii 
abundance. 

R.K. Datt^ 
Beth Israel Medical Cente 
New York, N.Y. 1000. 
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MEDICAL NOTES 


Zinc 

—Its importance 
to human 
health 

r HEY were pttieoU wbo had for 
yean been considered neurotic, 
ofne could not taste or smell; others 
ad grossly diiloned usie and stneil 
soaations. Yel nothing physically 
Tong could be found. Today they 
re free of their problems as a result 
r simple treatment with a metal, 
inc. And tbit same meUi treat- 
tent lately has been n>aking other 
tedlcal notes—as a help for some 
hildrtn with poor appetites and 
rowtb rates, for babies with a life- 
sreateniag illness, for some men 
riih prostate disorders, etc. 

Zinc is one of a dass of substances 
resent in the body ia only smallest 
mounts and is link undentood, as 
<ere vitamins 75 years ago. Iodine 
i one of these trace elements; copper, 
nd chromium are some others. Their 
otal wei^t in the body is only about 
0*30 grains or kss, but they arc 
saential. Without Iodine, the thy- 
md gland could not produce thyroid 
lOROOAes gwH we would become 

retins^mencally retarded, physically 
loderdeveloped. Yet the human 
KMly cootaios only about 30 miUi- 
Wts of iodine. Only recently has 
t become apparent (hat zinc is 
rital, that lack of it can produce 
nany health problems and tlut zinc 
leficaeocy is not uncommon. 


Much of the pioneering U.S. 
rtwifitb oa line ccatered on its 
rede in wound healing. About 10 
yean ago, Dr. W.l. Pom made a 
key obaervttioD whik studying 
wouad-hctling in laboratory animals 
and bow it might be influenced by 
adding various compounds to their 
diets. One compound accelerated 
bealiog, and the effect was traced to 
its zinc content, which definitely sped 
bcaJiDg. Dr. Pwies and bis co¬ 
workers then studied otherwise heal¬ 
thy young airmen recovering from 
surgery. All received the same treat- 
meot, but half also received dne in 
the form of sine sulfate. In the 
sine-treated, healing time was cut 
almost to half. Another sulking 
development came several years later 
with discovery of the value of 
anc in taste and smell disorders. 

4 

Nmms gf diaeetes 

They Darned the disorders idio- 
pathk bypogeusia with dysgeusia, 
hyposmia and dyosmia. Translated, 
it means that the cause is unknown 
(idiopathic), taste acuity is diminished 
(bypogeusia), tastes are distorted and 
even revolliog (dysgeusia), smell 
acuity is diminished (byposomia), and 
odours are obnoxious (dysomia). 

Cabman trait 

Yet h turned out that the patients 
had one thing in common: low blood 
levab of zinc and they responded to 
treatment with sloe sulfate. Mean¬ 
while evideace was accumulating that 
zinc deficiency could cause retarded 
growth. In the Middk East, where 
many pe<^>le exist on zinc deficient 
diets, researchers for the first time 
found that many dwarf-like young 
boys gained height once they were put 
on a hi^ zinc diet. Dr. H.A. Ronagy 
of Iran reported the results of a 
study of 117 dwarfs among 20 year 
old men, all having low concentra¬ 
tion of zioc in blood and hair. Given 
zinc, they not only grew in height but 
also deWloped seaually. 


Bikisi grow and baeoM ml 

Recently, in 1974, another finding 
has been reported in England that 
could save the lives of many babies. 
Diaper rash is usually a passing irrita¬ 
tion, but in some infants it thickens, 
spreads from buttocks to legs, face, 
and elsewhere. Diarrhoea also deve¬ 
lops along with weight and heir loss. 
Such infants have a metabolic disor¬ 
der, known as acrodermatitis entero- 
pathica, that usually manifests itself 
at weaning and can be life-threaten¬ 
ing. In such babies, Dr. E.J. Moyn- 
han discovered gross zinc deficiency, 
and he has put a group of them on 
zinc sulfate. All the reports are 
now completely symptom-free and 
are thriving on zinc supplement 
alone. More recently. Dr. C.C. 
Pfeiffer has noted that many chil¬ 
dren, teenagers and some adults, 
have white spots In the finger-nails 
(and in some cases, In the toenails 
as well), apparently as a result of 
zinc deficiency. The spots could 
be looked upon as one possible warn¬ 
ing sign. Treatment with zinc 
along with vitamin B^, Dr. Pfeiffer 
reports, clears smaller white spots 
and prevents further spot formation. 

Prostrate dborders aid sexual dev^ 
lopmcBt 

Dr. I.M. Bush has related unc 
deficiency to some prostrate gland 
disorders in men. Actually, while 
zinc is present in all body tissues, 
the prostrate gland apparently has 
particular need for relatively largt 
amounts and normally has thi 
highest concentrations. Could lov 
concMtrations cause trouble? Usinj 
zinc sulfate in doses of 50 to 151 
milligrams a day for upto 16 weeks 
Dr. Bush has reported relievioj 
urinary frequency, irritation and othe 
symptoms of chronic abacterial pros 
tads (nonbacterial idfiammation o 
the gland) in 70 per cent of more thai 
200 patients he treated. When h 
tried the same treatment in a grou 
of men with benign prostratic hypei 
trophy, a common overgrowth t 
the gland which interferes with noi 
mal urinary function, almost three < 
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svery foor raponded with redoctioti 
a proftate rize. Thif miy act la* 
dude iU coodHiofu ia wtids anc 
:ottld be imporuat 

Me to tdlitag bedy pncda 

Today loaw 20 esecntia] zioo* 
ODtaioiag body eozyawe have been 
deotified. Zidc ii Icaown to be 
equired for buildiag body proteiai, 
aneratiag body eoergy, growth, 
exua] development, taste aod enwll 
*!» effects of anc defickacy are still 
nly partially known. 

Z^QC is present m most protein 
oods—milk, hah, meat and eggs. 
Vbole grains also eontaio zinc, 
although only 20 to 30 per cent of 


tool zinc in food ii available for 
absorption aod use by the body, 
a go^ diet provides 10 to 15 
milligrares of zioc daily, wbicb should 
aQow absorption of I to 2 milli- 
grams/day, an adequate amount 
Some experts believe that zinc 


lency is 


far from rare in 


many countries. Dr. R.W. Luccke 


has noted that **there is amt^ 
reason to suspect that zinc 
intakes of a number of individuals 


may be only marginal. Zinc shor¬ 
tages can be found in all people, 
rk^ or poor. Perhaps some peof4e 
might beoefit by taking a *'Zinc pill'* 
to lupplement their diet.'* 


R. Ragmukathak 


Harmful effects of VCM on fetus 


INYL chloride monomer 
(VCM) it the bask ebem- 
:al of a large number. 
)lastks known as polyvinyl 
Monde (PVQ. VCM has been 
inked to about 30 deaths around the 
^orld from angiosarcoma, a rare 
orm of liver cancer. The victims 
a most cases worked In the plants 
hat make VCM gu. The U.S. 
iovemmeni is taking steps to reduce 
workers' occupational exposure to 
^CM and has already banned its 
ise in aerosol sprays. Recently, the 
J.S. National institute for Occupa* 
ional Safety and Health, the U.S. 
^nter for Disease Control's bureau 
rf epidemiology and the University 
>f North CaroUoa School of Public 
lealth studied the fetal death rates 
or women whose husbands worked 
t VCM plants and compared with 
ales among women whose husbands 
worked in rubber and PVC fabrica- 
ion plants, that convert the solid 

l: 


plastic into consumer goods. Ac¬ 
cording to their findings, before 
their husbands were exposed to the 
VCM, wives of men working in such 
plants had a fetal death rale of 6.1 
per 100 pregnancies, below the 6.9 
rate experkneed by women whose 
husbands worked in the relatively 
safe rubber and PVC pUoti. But 
after their husbands were exposed to 
VCM gas, the fetal death rate for 
the wives of VCM workers went up 
to 15.8 per 100, as compared to 8.8 
for the control group. The study 
suggested that the higher fetal death 
rate was caused by sperm cell damage 
in the father through direct VCM 
exposure. 

These fmdings have raised serious 
scientific and pubik health concern 
for the possible genetic risks of VCM 
to humans. 


Bkakti Datta 
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SIDS, the killer o 
infants 

S UDDEN infant death syadron 
(SIDS), more commonly kooa 
as ‘'crib death" disease, takes tl 
lives of thousands of babies—most 
between the ages of three weeks ac 
seven months—throughout the worl^ 
Death due to SIDS >i more duyis 
winter months and 1$ common wii 
children having a series of mint 
colds. Prematurely born infan 
are more prone to the disorder, i 
are those from the lower strata t 
sockty. 

The greatest aAer-effect of SID 
is the guilt that parents invariabl 
feel after the death of the chik 
Though the guilt is slowly ove 
come, for many parents the burde 
of guilt persists. There is no proc 
that suffocation is the only caui 
of SIDS, u many victims have bee 
found lying dead with their face 
completely uncovered. A bizzai 
allergic reaction to cows milk, as th 
cause for SIDS, has also bee 
disproved, since many of the babk 
have been entirely breast-fee 
Presently only this much is know 
that SIDS strikes without wamin 
and cannot be predicted c 
prevented. 

Fortunately, a substantial amour 
of money is being spent on SID 
research to understand the syndrom 
in greater detail. Though no cles 
cut answers are available,, man 
clues have come out of the extensiv 
research. During a study of 97 SID 
victims, 93 had abnonnally low leve! 
of the enzyme required to maintai 
an adequate amount of sugar in bloo 
at night. Thta finding conmn wit 
the observatioo that most of the eri 
deaths occur at the age when a bab 
begins sleeping through night will 
out feeding, and so would be mor 
likely to luf.er a drop in blood sugai 
(Cwibiued on pogr 57t 
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SCIENCE 
FOR THE 
YOUNG 


The strange world of viruses 


OU have r«ad atK>ul the monf.- 
trousanimah-^inosaur, bronto- 
lur and diplodocaus—who tread (he 
irth in the distant past and needed 
>ns of food everyday to All up their 
allies. Today, (hey luve all vtni* 
lied and (heir place has been taken 
y elephnnlt and crocodiles who are 
(TiMig (be largest animals existing 
ow. 

But have you ever wondered what 

on the lowest side of the scale? 
hat is. what are the sisallesc living 
lings in the world? Until the last 
;niury. insects were taken u the 
nallest creatures of the world, 
ven so, scientists had suspected that 
lere were organisms which were such 
nailer than the smallest insects and 
iat they were really causing the so- 
ailed infectious diseases. The invert- 
ention of microscope helped (hem 
lentify those smaller organisms, 
ow known as bacteria, protozoa 
nd other microbes. It was soon 
talised that there were also living 
^]ls even smaller than bacteria. 

Louis Pasteur (1822-1895) in the 
isl century was experimenting with 
ovine Pieuropneumonh (infection 
t the lungs of cattle) and found that 
le agent causing (he disease was so 
nail (hat it could not be seen tliiough 
\c microscopes then in use to ob- 
Tve bacteria. In 1892 Russian 


scientist D. Iwanosky. while making 
experiments with mosaic diseases of 
tobacco plants, found (hat the agents 
causing the disease could pass 
through filters used to (rap bacteria. 

The tMmivt ergaataM 

Wbat were (hen these organisms 
whidi were determinedly eluding 
detection by the mscroicopesT iote* 
rest in them was gradually ruiag 
because of their poeuUe association 
with some of the ravaging diKtses 
of men. plants and animals. Were 
they living or dead cells? Were they 
something invisible, something be¬ 
yond the reach optical eyes? 
Scientists could not give definite 
answers to these questions although 
they admitted the existence of these 
mysterious organisms which were 
causing immense loss of human, 
animal and plant life all over the 
world. In effect, these organisms 
appeared to dodge all efforts at 
detecting them. 

Around I930 the scientific world 
saw a special powerful microscope, 
called the electron microscope, which 
could reach magnifications as high 
as I.OO.DCX) and detect objects as 
small u a thousandth of micron 
(itidf a thousandth of a millimeter) 
in diameter. Then, for the fint 
time, man could see the strange and 


the wonderful world of the sul 
bacterial organisms called viruses 

Vtrwes: Ibeir destructive power 

Viruses have come to occupy tli 
centre of interest perhaps maini 
because they happen to be one c 
(he deadliest enemies of all the livin 
things in the world. With equ^ 
virulence they scourge human: 
animals, plants and even bacterh 
They are responsible for four i: 
greatest scourges of human diseast 
known so far, viz., 'flue', 'polio 
'pox' and yellow fever. The gret 
influenza endemic of I9I8-19 too 
a toll of nearly one crore peopi 
all over the world! More recently i 
1957-58. we may recall the outbrea 
of the much dreaded 4.\i<in whic 
killed thousands of persons in sevi 
ral countries of South East Asia an 
also spread to other parts of tli 
world. U is estimated that as man 
as 2 lakh persons in India alone di 
of smallpox every year and 5 lakli 
become disabled due to it. Poli< 
which maims hundreds of thousand 
of persons every *year all over th 
world, and yellow fever, that 'borribl 
diteaae' ia Africa, well epitomise th 
enormoBi aonihilative power poasei 
aed by viruses. Some scientists b< 
Ueve that cancer, another dreadfti 
disease of man. is also caused b 
viruses. 

In (he world of plants and animal: 
viruses cause enormous loss of crop 
and animals almost in every countr 
of the world. Mosaic diseases c 
tobacco, potato, tomato and othe 
crops a re caused by virus. The pain 
ful foot and mouth disease of ani 
mais, animal pox and mumps ar 
also caused by virus. In India alon 
tobacco worth Rs. 2 crores an< 
potato worth Rs. 6 crores ar 
H«troyed every year by mosai 
diseases. In fact, so enormous i 
(he loss of crops, animals and huma: 
life due to viruses that it is almot 
impossible to express it in term 
of money. 

Are f iraaei dead ar living obiceta' 

The knowledge about viruses ha 
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>cen rather meagre until recently 
)wjng to two reasonV First, they 
ire too small to be detected in a cell 
)r lo be seen in an optical micro¬ 
scope. Seco nd ly, they ca n re p rod uce 
inly in the cells of their hosts They 
ire completely stripped of metabolic 
nuchinery. For several years in 
he past, scientists Nvere unable to 
kUy whether viruses were living or 
lead particles. Th^ir ability to 
multiply in the cells of their hosts 
ind iransmit diseases to the hosts 
ndecd suggested that they were alive. 

A major breakthrough in the 
nyiiery of viruses was achieved in 
193.^ by an American scientist, Wen- 
Jell Stanley, who obtained viruses 
n crystalline form I This came about 
vhen he was experimenting with the 
nosaic viruses of tobacco. He took 
he tobacco leaves heavily infected 
«ith mosaic diseases, mashed them 
ip and tried to separate the virus by 
ipplying the protein separation tech- 
iique. The result was that he ob- 
amed mosaic virus m crystallised 
brm and the crystallised viruses 
vben redissolved in the liquid were 
is infectious as before. 

The fact that viruses could be 
crystallised led some scientists to 
lelicve that they were only dead 
irotcins. No living thing had then 
leen crystallised! Can life which 
vas flexible and dynamic be turned 
nto a crystal (hat was ngid and 
latic? 

This belief however was soon 
haken and the old suspicion about 
iruses being alive was revived when 
ome British scientists proved that 
11 viruses were nucleic proteins 
ontaining Ribonucleic acid (RNA) 
ir Deoxyribonucleic acid (DNAI 
<T both The dilTerence between 
irdinary proteins and the nucleic 
irotcins is like the difTcrcnce bet* 
/ecii the dead and the living. Nu* 
Icic proteins arc the stuff genes are 
sade of: «nd since gene** are ihe 
cry hasLs of life, viruses could not 
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he Other thair livmg substances. 
It thus emerged out that viruses 
were similar to genes in chemistry 
and were as much alive as elephants 
and human beings. 

How virwes eater hoot celts 

Viruses can reproduce themselves 
only in the living cells of their host. 
Their manner of raid is rather inte¬ 
resting. The cell of a vims consuls 
of proteins and acts as a means ol 
breaching the cell wails of the host. 
The nucleic acid (RNA or DNA) 
present in ihe virus cell enters the 
host ceil, taking over its chemistry 
and using it in its own interest. 
Very often, the cell of the entire host 
organism dies as a result of this 
iovasion. 

The process of vims reproduction 
in the host cell also explains 
why antibiotics, the modern 'wonder* 
drup. have not been able to jam the 
virul machinery. Since viruses have 
no metabolic machioery of their own 
and depend eatirely on materials 
of the celb they invade, it is difficult 
to destroy them without destroying 
the host cell itself. 

Methods to risualke vbiscs 

Most vimses measure between 10 
to 200 millimicrons, that is. they 
are even smaller than the wavciengih 
of light. Since objects smaller lhan 
the wavelength of light cannot be 
seen in an optical microscope, viruses 
escaped deicciion for a pretty long 
lime. Now two methods, one direct 
and ihc other indirect, are employed 
lo observe viruses. The direct 
method is the use of electron micro¬ 
scope. Usually electrons have wave¬ 
length much smaller lhan the size 
of viruses and when beamed at the 
Vlru^cs make them visible. Viruses 
are observed indirectly by preparing 
their crysiaU and obtaining ihcir 
^h«l<low under an X-ruy. (n Ihe 
electron microscope their images 
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appear only io two dimensions whi 
in X-ny defraction they can \ 
observed in three dimensions. 

Diflerest shapes of vimses 

Next to their peculiar mode < 
reproduction and deslruciive powe 
the most interesting fact about vin 
ses IS their fascinating shape, si^ 
and symmetry. 

Viruses have been seen in a wid 
variety of shapes and symmeir) 
For instance, pox virus appears lik 
a barrel. The tobacco inossaic vin 
appear< like a thin rod. The sma 
lest viruses, those of polio and yello' 
fever, arc like spheres ranging i 
diameter from 0.2.1 down to 0.2 
micronx. 

Even more interesting than th 
shape is the fact that viruses hav 
been found to possess an extremel 
high degree of structural symmetry 
They form themselves into variou 
types of geometric pattern. SucI 
symmetries arc found mostly In smal 
ler viruses. In large viruses, geo 
metry is usually more complex. 

The polyoma virus suspected U 
be one of the viruses responsible to 
human cancer has 42 faces, arrangei 
in icosahedral symmetry, Turni| 
mosaic virus which causes disease 
of leaves in the turnips has 32 face 
arranged in cubic symmetry. Ano 
ther group of viruses to whicl 
tobacco, mosaic, influenza am 
mumps viruses belong have helica 
symmetry. Until recently, helica 
symmetry was thought to be peculia 
to plant virus only, but now sonu 
animal virus (mumps, foul plague 
etc.) have al.so shown helical pattern 

Recent studies in the symmetry u 
viruses 9iavr opened a new area o 
interest and have revealed that, ever 
though viruses cause disorder ir 
other living things, they themselvei 
lead a strictly mathematically order 
ed existence. 

S.PA. 
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Problem solving 
with computer 

r HERE is a strong tendency nowa¬ 
days (0 attempt a computer 
elution to every problem, maihernt’ 
cal or otherwise. This philosophy 
based on the fact that computers 
re essentially logical machines; so 
\ey must be capable of solving man's 
roblems. Looking at the diverse 
pplictttions to which computers are 
eing used at present, the above 
hilosophy seems to be not far from 
le truth. The whole mystery lies 
I the fact that logical situations 
ill be translated into mathematical 
(uations. Once a problem is malhe- 
luticized, ft is only a dog’s meat to 
le modern computer. 

The basic steps involved in problem 
)lvjng with computers arecanalys- 
ig. dissecting, digitising, algorilh' 
lising. coding, debugging, and ob- 
lining a reasonable solution. Any 
jmplex problem must be a combi- 
ation of several simple operaii<Mi8 
r procedures. A clear analysis will 
nable us to split the problem into 
s constituent simple procedures, 
hen every simple procedure is con- 
erted ioco a mathematica] model 
ivolving only the four basic ope- 
ations of addition, subtraction, 
lultiplicalion and division, which 
omputer can do. In fact, the ma- 
hine can do only addition. Howe* 
er, because of binary algebra, the 
iiTerent operations of subtraction, 
multiplication and division can be 
educed to simple addition opera- 
ions only, and, therefore, these 
pc rat ions can be carried out by 
omputer. This process is called 
:igitising. The various procedures 
re then written down in a logical 
iianner; this process is called algori* 
hinising. Algorilhmising u nothing 
^ui urninging the various elementary 
ivps 111 ;i logical setiuence for feed- 
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PHUTI OURIS 



OAAW »iow i:haki 
INMCAIIMO IHf VARlOOt; 
stres or iHt pnoau** 


Stun IHI MAri<IIM/«lll H1 

NUDLU KIM THf PHOHLIM I 

.. J 


wnnr thc alcoriihm 


COM THC AiGOftiTHM AMY 
HIGH Cr V6l lANGIMOr ANO 
TORN IT TO A PROGRAM 


PUNCH IMF PROGRAM IN THI 
SPtClAL CAROS f ROVIOLO 



OflilJO THC 
PRO GUAM 


Ftg. 1 


Kl*l KMBER 197a 


971 


SCIENCE REPORTS 










SCIENC£ FOR THE ¥OUNG 


ing into (he computer. For a clear 
understanding, the algorithms are 
pictorially represented by rncans of 
flow charts. Once a problem is ex¬ 
pressed in an alogrfthmic manner, 
if can be coded into any of (he high 
level languages, say, Algol, Fortran, 
Cobol or PL/1, and turned into a 
program. The program is then 
punched in the special cards provided 
for them and fed into the computer. 
Error messages or diagnostics are 
carefully watched, and the program 


Oddities in 


Foot 

1a ancient times, a toot was a bit 
more than 12 inches. The length 
of the foot the Creeks used was 
only ili inches. Archaeologists 
and engineers were able to flgure 
out this length by studying the ruins 
>f Che temples that the Greeks built 
ind by making thousands of careful 
measurements. The Romans spread 
:his short foot measurement all 
ihrough Europe, where it is still 
jsed. The 12-inch foot that we use 
s a standard only in English-speak¬ 
ing countries. In other places, a 
'oo( is of any length^from II to 14 
nches. 

yard 

An old measure of cloth that was 
jsed before yard was the *e\V. This 
^'aried from 24 to 48 inches. The 
eir has been used as a measure since 
Biblical times. In the tenth century, 
Cing Edgar of En^and standardized 


is suitably debugged until a reaso¬ 
nable solution comes out. The pro- 
cess involved in attempting a compu¬ 
ter solution to a problem Is illustra¬ 
ted by (he flow chart shown in (he 
figure I. If the readers have a 
problem it can very well be attempted 
in the same manner. 

R. Ramaswamy 
dxi/l. Prof, cf Fhysks 
ThiagarQjnr Cof/ege of Engg. 


mathematics 


the ell at 36 inches, so (hat it became 
a yard. 

Bunoa siae 

There is a special way of measuring 
(he buttons that we have on our 
clothes. The size of a button is 
measured by its diameter or width. 
Hie unit of measurement is called 
'line'. It is 1/40 inch. A 16-line 
button, for instance, would be 16 
times f/40, or 2/S inch wide. 

Fnay acre 

% 

An acre was originally the amount 
of land a yoke of oxen could plou^ 
in one day. So it varied a great 
deal, depending on whether the far¬ 
mer and his oxen were lazy or effi¬ 
cient. This forced Henry VIII of 
England to limit an acre to an exact 
size, it was the area of a piece of 
land 40 measuring rods long by 4 
rods broad, each rod being 5} 
yards long. During the Middle 


Ages, the length of a rod was dele 
mined by lining up 16 men outsk 
of church on a Sunday momin 
The combined length of all the 
left feet was taken as one rod. 

Dollar 

The first United States dollar wt 
in the form of a silver coin. It wj 
minted in 1794, and was calk 
**pil]ar dollar'' as it had two pilla 
embossed on it with a ribbon twine 
around them. This is the origin < 
the dollar sign—1 

Shoe size 

The size of a shoe is measure 
from the ankle of the foot to its cch 
For a shoe of size eight, the lengt 
measured from the arcb of the foe 
to (he toe is 8 inches. 

TW pulse-beat 

To feel the pulse of a patient, 
doctor never uses his thumb, becaua 
it itself has a strong pulse beat. 

Fuy Meed 

An old Chinese unit of weight fo 
rice is catty. There is a very funn 
thing about this unit: it grows sma 
ler as the rice is carried from field t 
port. As a coolie carries the rk 
bags to market, he takes out hi 
charges in the form of rke. So th 
rice bags tbat reach the marki 
weigh less than they originally vreig 
at the field; however, the bags mea 
sure (he same number of caltie 
The rice that the coolie has taken ou 
is not accounted for. 

P.K. MUKHEIUE 
Department of Physic 
and Asirophysic 
University of Delhi. 
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Science Crossword Puzzle (Minerals) 

diUES 



t A tolphMe on of cobtlt 

5 A hyditted oude of maftketium. 
A miMftJ of beryllium. 

If An inhydrOQi eulp^te mineral 
of caldum. 

20 A carbonale mineraJ of mag* 
Msium. 

21 A lulphide mineral of rotbenium 
and oaniuin. 

22 A mineral of tantalum. 

22 A mineral containini tulphidet 
of platinum, palladium and 
nidLd. 

24 An oaide mineral of niobium. 

Down 

] A silicate mineral of lithium. 

2 A minerai of titanium. 

3 A chloride mineral of ma^e* 
siunt 

4 A hydroui magnesium silicate. 

6 Aq oxide mineral of titanium. 

7 An oxidised uranium mineral. 

g A phoe^iate imneral of techium. 

9 An intimate mixtuit of granular 
corundum and magnetite. 

10 A hydrated sulphate mineral ol 
calcium. 

U A sulphate mineral of strontium. 

12 A mioeraJ of barium. 

13 A mineral of molybdenum. 

14 An oxide mineral of alutniaiuin 

15 A iul(4ude oinertl of lead. 

16 A fluoride containing phosphatt 
mineral. 

17 A silicate of potassium am 
aluminium. 

19 A lul^ide aunera] of arsenic 




m 


R.C. KAPoa 
CkemUtry Departmtn 
Christ Chmek ColUg 

Katipur*2060C 
flCIEKE RGPORTC 












lodnstrial pi rauki. II will aU 
ftfdice inporlad chenucaU wad fc 
iioultr purpow. Moreow* uikIc 
loma tevett coodilioAi it hat got hi 
gber cfiiocDcy compared to importo 
product available io (he marte 
A reacue maak haa abo bee 
developed. 

CoaJ mines with gM conleat c 
about 10 ctt ID per too or more cu 
not work trodoetively witboi 
gas drainage or degaiificatios of tfa 
leam. C.M.R.S. has dewlope 
kjK>w*how for detailed inveatigatio 
OB gas emmiofl, and carried out tcsl 
with regard Io some gauy mine* 
I( has also developed complei 
know-how for detigniag degac 
Ocation units and installed a pile 
degasification unit 


Rain-gauze 

telemetry 


system 


Making mines safer 


T OXIC and explosive gases like 
methane, carbon monoxide, 
:arbon dioxide, hydrogen sulfide, 
:tc., io the mine atmosphere pose 
(erious danger to the mine and the 
sersonnel enpged in mining ope- 
*ations. Facilities have been pro¬ 
vided for regular analysis of mine 
gases so that timely precaution can 
ie taken when need^. 

For on-tbe-spot analysis of such 
tases, detector lubes for carbon 
monoxide and hydrogen sulphide 
have been developed by the Central 
Mining Research Station, Dhanbad. 
The working principle of the por¬ 
table methanometer developed by 
CMRS u based oo catalytic oxidauon 


of methane at low temperature. 
This instrument can be used for 
on-the-spot detection of methane in 
the range of Oto Sper cent with an 
accuracy of ^0.05 per cent This 
insinimeni b light in weight, sturdy 
and intnosically safe. Single and 
multistation methane sensor unit has 


been developed for Gontinuous 
methane monitoring. 

A kakproof method of sealing the 
interior of a bore hole at any de¬ 


sired depth has been evolved. The 
Reecalite. • new promoter admmia' 
tertd catalyst, haa been developed for 
oxidation of carbon monoxide at 


ambient temperature. U can mainly 
be uliksed io *$elf-reacuen' and other 


F R flood forecastidg, (he rail 
fall information fh>m virioti 
catchment areas has to be oMKiitoie 
at fTtquefil iotervab of time. Tl 
river catchment areas are at lemoi 
locatiooa and are nonnaOy ioaocess 
ble during monacKni. What 
required b ao automatic fystm 
which can measure the reinikl 
store the rainfall data and transm 
K to a distant control statioe i 
regular iotervib. The Hatioo 
Aeronautic Laboratories, Bangalor 
has developed a corafdeiereingani 
telemetry system for thb purpoa 
Tlie complete system t^craCca on di 
cdb arsd can coatlBuously wm 
unattended <mr a period of t 
moaths. Tn such systems ha^ 
been installed and R^-******t i 
Sikkim (Tista catchment) an 
Madhya Pmdeah (Narbada catd 
luent) duriog the last two monaoc 
seasoQi. 







Every ch«p(er At the eti4 hM 
references upto 1975; id ioim of the 
chepten edditioDA} refertocee for 
further retdiof Alt also given. The 
book presents infomiAtioD on soil 
microbiology in t nuttbell. and as 
such it cADDot be used as a text 
book. But, this coAstiiules A useful 
reAding roAleriii for introduction to 
various aspects of microbiologicAl 
research. 


informatioi' on embryology an^ 
organogeny of Uie frog. The style 
language, and the terms used in thi 
book are simile. It is u^ful as 
text-book rorunJer-graduatestudeni 
of AQ I&dian University. 

S.P. Mazumda 
S.S.O; Projtct DirecU 
Krtshi Bftavo 
Bikoner-3S40(l 


iOlL MICROBIOLOGY edited by 
4. Walker, Burterworrhs, London and 
loston, 1975, pp. 262, £ 10.00. 

r KIS book is a collaborative 
effort of present and past 
lembers of the Soil Microbiology 
)epartment of Rothamsted Experi¬ 
mental Station. The book is divided 
nto 12 topics and each topic is 
n the fonn of an essay writteo by 
ndividual authors who are specialists 
) that field. 

• I 

A variable proportion of soil 

ucroorganisnu coogwls of anaerobic 

itcrobea of which tome have the 

bility of growth only in the absence 

f oxygen (obligate anaerobes) while 

then can live and grow in the 

resence of oxygen, or can live 

nAerobically when suitable nutrients 

• 

re supplied (facultative anaerobes), 
or agricultural microbiologisu, 
3i I anaerobes, which have the ability 
> fix nitrogen, decompose cdluioee 
r reduce sulphate to siJphide or 
itrate to gaseous nitrogen, are of 
rime importance. The activities 
f these bacteria and the roles they 
lay in soil are beautifully described, 
hieobium plays a great role in the 
xation of nitrogen by leguminous 
lants. The problem associated with 
{Qculation of Bhiiobium in soils and 
ie role of soil protozoa and soil 
ingi have been described. Non* 
/mbiotic nitrogen fixation in main* 
iining soil fertility is imporiant, and 
ie last chapter which devoted 
> this topic has been excellently 
resented. 


Ajit K. Mishaa 
Professor of Microbioto%y 
Bose t/utiMe, Caicylto 700009 


DEVELOPMD4T OP THE FROG 
by C.B. Power and J.D. Sahasra- 
buddhe, Soroj PrtAashon^ Saroj. 
Ranvdas peth. Nagpur, Pp. 120, 
Rs. 8.00. 1975. 

T he similarity of various essential 
compotieets of the body of a 
frog with a huvaa body has provided 
a spedal to^ to tocrio^sti. Its 
easy avtilahRily k a fbnbcr advaotage 
in the fCsdy of its enbryolofkaJ 
devek^oKQt ia reUUoo to mas. 
Tbe hook a an attempt to provide a 
detailed account of histology, ana¬ 
tomy and physiology of the frog with 
a special stress oo its embryologiGal 
developinent 

The book has been divided into 
seventeen chapters mainly dealing 
with life-history of frogs; maturation 
and structure of gametes; fertilization; 
cleavage, tbe blastula; gastnilatioft; 
organisers; fate of threegema layer; 
development of the digestive system, 
respiratory system, circulatory sys* 
tem; excretory system, reproductory 
system, nervous system and the 
developinent o( sense organs. 

An essential chaiacterirtic oi any 
good zoology book is that it should 
be simple, and give sufficient 
diagrarat. This book possesses 
all such qualities. In addition, the 
book presents the summary of the 
details in tabular form which would 
be surely wticomed by the users of the 
book. It tbo provida first band 


THE MICROBIOLOGY OF TH 
ATMOSPHERE (2nd Edition 197: 
by P.H. Gregory, Leonard Hill Book, 
Great Britain. Pp. xxi -1-377, R 
ISO.OO. 

ICROBIOLOGY of atmoi 
phere or rather aerobiolog 
is concerned with the study < 
airborne micro-organisms, the: 
identification, behaviour, minner c 
movement and survival. Accordin 
to the author this book is a 
eloboraied venioo of Intercollegiai 
Lecturesgiven to students of botan; 
UnhtriRy of London, la 1956. Tk 
hookdsanihgi nearly aBthn faceoic 
aerohlolofy inclnding the properrit 
oi the adnnspbere, as waO as tk 
properties of the microbes then 
selves. Tbe dispersal of these O) 
pnisms through air. their survivi 
in the atmosphere u well ss o 
ground have been discussed the 
roughly. Some microbes in the ai 
can also cause allergy in hums 
beings and the chapter dealing o 
this subject describes these microbe 
and their role in producing variou 
types of allergenic reactions. Cro 
disease epidemics have also bee 
discussed, since the transport c 
airborne microbes over f long 6ii 
f tf^T may produce crop diseases ii 
reovote areas. Tbe book also dei 
cribes certain techniqur^ for ai! 
umpling. It seems the author ha 
taken great pains in writing ihi 
book and has presented valuabl 
data on all aspects of aerobiolog> 
It has an excellent bibliography, i 
number of colour and black an< 
white plates showing various orga 
Disms like fungi, protozoa, an^ 




BOOK ftEVlEWS 


pollen grnint. The aulhor index and 
subject index appear separately. 

It is one of the best books that 
have appeared on the subject and it 
will certainly prove very useful to 
those concerned with teaching or 
research gn the subject. 

AiiT K. Mjshiu 

A TEXT BOOK OF ANIMAL 
PHYSIOLOGY (Geaeral A Compa¬ 
rative nyslolegy A Blochee^stry) 
by P.C. Hurkat A P.N. Malhur, 
S. ChanddCo., New Delhi. Pp. 624. 
Ri. 23.75. 

W ITH the advancement of 
modern technology, the 
biolofical investigations, irrespective 
of their specialization, be 

it ecology, taxonomy or cell 
biology, have been oriented to 
explain the various specialized 
and non-specialized characteristic 
and non-characteristic fuoetioos at 
macromolecular level. Physiology 


and biochemistry together are very 
good parameten for critically assess¬ 
ing the dyosfflic functional aspects 
of various biologicaJ systems. Tak¬ 
ing into consideration sudi a need 
and trend, the author has written 
this basic text which will prove 
fruitful to students and teachers 
alike. 

The book is cooprised of 23 chap¬ 
ters. Each chapter is further subdi¬ 
vided, 'quite broadly', to provide 
more comprehensive account of the 
subject matter. Tbe fint four chap¬ 
ters provide a basic survey of the 
subject useful for the beginners. Tbe 
rest of the chapters also start with 
simple introduction of tbe subject 
followed by detailed discussion. The 
analogies and diagrammatic represen¬ 
tations art suitably placed in explana¬ 
tion and the subject matter t$ well 
linked up. For insuoce, the author 
has rightly compared the highly 
orgaoired cells of biological systems 
with members of a society. For 
survival and smooth running of any 
society, each of its memben has to 


contribute work according to tl 
best of bis skill and capabilii 
while its other requirements aj 
fulSlIed by others. In other word 
it v^ans that members of a sociei 
a-e interdependent. Similarly, cel 
it a body cooperate. Interestin 
aid recent advances in endocrio 
g ai^ds, pheromones, neurosecretion. 
ph; .iology of migration, etc., furtht 
add M the value of the book. 

The author should have stresse 
the point how diverse groups c 
animals adapted themselves in term 
of their physiology and biochemistr 
in order to achieve analogous an> 
homologous adaptations. 

The book will serve u a fairl 
good, comprehensive text for stu 
dents of B.Sc. <Hoos). This me; 
also be used as an elementary refere 
retice book at M.Sc. level of lodiai 
uoivenities. 

Vbo P. Acoakwai 
Zoology bepartmen 
Vniftrshy of Mh 
MhhUOOO 


MEDICAL NOTES {Contimed from pegt M) 


It is also noticed that a high propor¬ 
tion of the siblmgs of SIDS victims 
show an electrocardiogram abnor¬ 
mality, called prolonged Q-T inter¬ 
val. In adults, this ventricular ab¬ 
normality has been linked with 
sudden death, and it is suggested 
that it may also be a factor in some 
cases of SIDS. The poor respiratory 


coolrol might also make a child suffer 
from SIDS. It can also be due to 
*apnoea', a condition/|Wiod during 
sleep when there » no respiratory 
effort for several seconds. Presently 
three different kinds of apnoea 
occurring during deep have been 
recognized. 

Significantly, children with cokis 


are prone to prolonged sleep apnoea. 
In adults, the brain is well deve¬ 
loped to o^rercMne problems that 
it would encounter during sleep, 
but the children, due to the 
immaturity of the brain structure, 
are more vulnerable. 

B. Raohunathan 
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NATION REGAINS 

SPIRIT OF ADVENTURE 1975-76 


Drive against 
Black Money 


The underworld of smugglers smashed. Top smugglers 
behind the bars; 42 smugglers declared absconding 
and their property seized. 


Ceilings clamped on vacant urban land. Transfers within 
ceilings forbidden. 


Limits on area of dwelling units set. Valuation of luxury 
houses to nab tax evaders. Direct taxes collection up 
by 27.4 per cent since July 1975. following tax raids. 


Income and wealth exceeding Rs. 15,870 million disclosed 
by over 250,000 declarants under Voluntary Disclosure 
Scheme. Tax revenue Rs. 2.490 million. 
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"We shall leave tx> seed untapped" 



Hindustan Lever Research and Technology have added lakhs of 
tonnes to our oil resources by exploring unconventional and 
neglected oilseeds. 


Vegetable oil is a major source of nutrmor^. especially 
for the vulnerable sections of society Yet in India, the 
average consumption per head is only one-sixth of the 
minimum nutritional standard 

This shortage of fats inspired research by Hindustan Lever 
scientists into the chemistry of several unconventional 
oils—castor, linseed, sal. neem. kusum. karanja. ncebran, 
etc More than a decade of research has enabled us to 
modify and upgrade them for use jo soapmaking and 
thereby release for human consumption lakhs of tonnes of 
edible oils which would otherwise be used in soapmaking. 
As most of these oilseeds are grown in backward areas, rt 
brings employment and income where it is most needed. 
And without this breakthrough, the country would have 
been importing taltow for soapmaking Import saving on 
this account alone exceeds R$ 10 crores per annum 
Research creates technology that is relevant to India's 
needs—better nutrltfon, income m backward areas and 
import saving 


Hindustan Leval'itd* ***•' 

Relevant Technofcgir'l^'^e Million^ ^ 
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'Let there be wealth out of waste." 



Hindustan Lever Research and Technology have turned a 

forest waste into an international product with several crores per annun 

of export potential — and created seasonal jobs for Adivasis. 

Until a few years ago, the Sal forest was a subject for 
poems and pictures and little else besides. 

This picture started changing for the better once 
Hindustan Lever's Research scientists started work on it. 

And an enterprising forest contractor offered to organise 
collection of Sal seeds in the wilds of Orissa. 

Sal fat is today processed and exported as a cocoa butter 
extender to give the special melt-in’the'mouth property, 
so valued by chocolate makers of the world. 

Today our enriched Sal fat exports fetch crores of 
foreign exchange per annum. Potential for exports 
could be doubled, provided the prrces are competitive 
Internatior^ally. And tX provides seasonal employment 
and income in backward areas for thousands of 
Adivasis. A good example of transfer of wealth through 
technology from the chocolate consumer in Europe 
to the Adivasi m Orissa. 

Relevant Research turns yesterday's waste into 
today's wealth. 

Hindustan Lever Ltd. 

Relevant Technology for the Millions 


Where the 
Pioneers have left 


The nature of alchemists role 

m layirtg the foundations of 
modern science, may be judged 
from only a partial list of baJc 
scientific to<^s. associated with 
their namas. 

Chemistry had its origin in the 
laboratories of the alchemists. 

Alchemy eventually expired 

SARABHAI Ms CHEMICALS 

Where scientific tradition of ingenuity never dies. 



under the impact of science, but 
its tools and procedures were 
taken over by the scientists in 
the modern world, to utilize 
them for extending the basic 
discoveries still further and 
bringing them closer to the 
common man. 
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Fevalc luo^a om books 

Sir, ] have long been an 5.R 
ubscTibcf. So, I hope you will 
) 0 ( object to a suggexlion of mine, 
n the liile illgstfaUon of Book 
Reviews you should ^how one male 
land and (he other female hand 
>pening the book, instead of two 
emale hands as currently being 
tisplayed. 1 am sure >ou will agree 
vilh me that the column is not meunt 
or women only. 


P. M. Aciiaiya 
Btrhompur Vmvtrsity 
Btfhofnpur-760007 

Vtc tmkom 

Sir, With reference to Mr. T. 
Antony Davis's article Alkon or 
the bom of the wicori (5. A., 
April, 1976). I would like to 
add that (he chiru or Tibetan 



antelope, Paothofops hodgsonl (Abd) 
is also cUssed among the animals 
which gave origin to the belief of the 
fabled Unicom. In the bucks, the 
horns rise close togelher, diverge 
towards the (ip and curve slightly 
forward (Fig. I). The male chiru 
stands 80 cm at the shoulder and the 
long slender horns measure 60-65 
cm. The hivns. when seen in profile, 
may suggest a one*homed animal. 

B.K. BEHUnA 
Pr^^itor Zoology 
Vtkot VniytrsUy. Vaoi Vihor 
Bhuhtmtswot'-751004 

DiAgerom pelt 

Sir. Apropos of Pels can be 
dangerous by M.L. Sood and Miss 
Sudarshan Kalra Aprd. 1976. 
pp. 24 M5). I am reminded of an 
inicrev(ing incident rcporifd by Dr. 
A.R.I.. May of Britain {Brit. Jtfurn. 
C/in. Prua., Vol. 21, Jan. 1976). A 
girl aged ten had a very painful hip 
joint. Osteomyelitis was diagnosed 
and accordingly drugs were given. But 
blood culture showed that ihc pain 
was due to an infection caused by 

4 

Sotnionelia overchie. 

The giri's history showed that she 
had many pets: a dog. a rabbit, a 
hamster, guinea pigs and a tortoise. 
The last one was forgotten when the 
history of the girl's illness was pre* 
pared. She was able to recollect that 
ten days before admission the tortoise 
had passed urine accidentally over 
her. leading to subsequent skin 
infection. The author says that the 
tortoise harbours not only salmonella 
but a multitude of other pathogens 
as well. U IS likely that these germs 
had got into (he blood stream and 
then reached the hip ioint to 
produce the disoiMjd conditums. 

The incident not iWJly emphasises 
the impoflantv of eliciting a clear 
history from a patient, but also warns 
pel-lovers against such dieses. 

<r.N I. A K SI IMIS At AY AN 
f*iwVM/virr»r«* kUitivot Co//<iir 


Pofy«McbafMea 

Sir, I read the aiticle Vioit «f 
polywcdurite la ov life by P.L. 
Sota{S.R. Feb.. I976). In the second 
paragraph, he says, "When eaten by 
an animal, starch and cellulose 
are broken down to D(+) glucose 
units." 

This type of generalisation will 
create confusion. There is no 
specihe enzyme in the digestive 
system of man and other higher 
animals which can break down 
cellulose into simpler components. 

SABAhefi MmtA 
Central School {ffT] 
New Delhi 

It is true (hat cellulose is nol 
digested by man and higher animali 
as they do not possess specifu 
digestive enzymes for its utilisation 
In herbivorous animals, micro 
organisms (bacteria, yeasts, proto 
zoa) in the digestive tract attacli 
cellulose, to*form, among othei 
products, lower fatty acids which thi 
animal utilises for energy. In somi 
species of "Shipworms" (marini 
wood boriog mollusc), the compte) 
carbohydrate enzyme system include 
a powerful enzyme cellulase whic] 
acts on woody fibres eaten by thes 
animals. The gut of termites harbour 
microorganisms, e.g.. the protozoai 
Tryconympha which cause cell ul os 
digestion. 

P.L. Son 
Research OJfice 
Wood Preservation Brana 
Forest Research instiiul 
Dehra Oui 

Mercury poMolion in fadit 

Sir. The problem of environmenta 
pollution due to mercury (5.R,Apri 
1976) is potentially grave in India 
Unfortunately no systematic effor 
ha^ so far been made to define it 
n>agnituJv. Recently, the pnstnc 


if ntercuty has bttn recorded in the 
oasta] waters around Greater Bom- 
ay. In Che fishes of Mumbra and 
*haoa creeks. Mercury has been 
elected in alarming proportions, 
t study of 58 samples of 30 species 
f fishes has revealed that the waters 
round Greater Bombay have been 
tceiving mercury through industrial 
ffluents. Mercury has also been 
>u&d at an unsafe level in the 
lusdes and bones of fish. 

The presence of mercury off the 
rulf of Cambay has also been report- 
d by scientists of Gujarat Fisheries 
nd Bhabha Atom k Research Centre, 
ombay. As reported in Science 
lepwier, chlor-alkali plints located 
long the coast have been found to 
e the main source of mercury pollu- 
on, Out of total mercury released 
I to the environment through these 
idusiries. almost 97 per cent is being 
ischarged through waste water and 
udges. The study revealed that the 
ischarge of mercury from chlor- 
Ikali plants was about 0.5-1.01 lb 
er ton of chlorine. 

National Committee on Environ- 
lentil Planning and Coordination 
NCEPC) has proposed to undertake 
survey to determine the level of 
lercury pollution in our coasul 
waters. Such a step will be helpful 
i taking timely action to curb the 
lenace of pollution due to this 
eavy metal. 

R.R. Khan 
Scientist 

im/ustriol Toxicology Res. Centre 

Uicinow 

Lead cntractiM ttchndogy 

Sir. Your Science in Industry 
irticks have always been an 
ittraction. We are deeply interested 

n the subject 'Lead extraction* 

chemefS.R'March, 1976). We want 


some preliminary infomiation like 
investment cost and capadiy. Un¬ 
like previous articles in* this section, 
you have forgotten to mention the 
approximate investment rettuired. 
capacity and the full address of the 
concerned National Laboratory. 

SAOAa ENGiNeeaiNC ENTestnuas 
19, D. S. Singh Road 
Bhagatpur City 
Bihar 

For details, write to the National 
Metallurgical Laboratory. Jamshed* 
ptir. 

-Ed. s.k. 

Ntts 

Sir 1 read the artide Necoi as ■ 
medkiaal plaM [S.k. Feb., 1975) with 
some interest as well as disappoint¬ 
ment. )t has not brought out more 
important and valuable in formation 
available on this plant. I would 
like to give a few additional points 
for the benefit of S.R. retden. 

A considerable amount of systema¬ 
tic research investigations on the 
diflereni parts of the neem tree have 
been carried out by a team of workers 
headed by S.S. Siddiqui and spon¬ 
sored by the Council of Scientifk 
and Industrial Research for many 
years since 1942. Regarding the 
value of neem oil, one would find 
useful information in a paper 
presented by Chitiaranjan Mitra at 
the Symposium on ‘Indian Oils A 
Fau and their Utilisation* held at 
the Naiiunal Chemical Laboratory, 
Poona, as early as 1951 under the 
auspices of the C.S.I.R. The paper 
contains over thirty-five references to 
earlier work on seem and a good 
flow-sheet oo the products from the 
neem seeds. One wonders if bitter 
margosa oil would ever be liked 'by 

fatty people in eontroIJing diabetes* 

(u Staled in the artide). 


The bitter components $uch j 
oimiMn. nimbidin, oimbidoi tod nin 
biol from the different pans of t> 
tree have been studied in greet deea 
from the point of view of both thej 
inierestiog structural chemistry an 
j^nnacological actions. The mor 
significant are the results of resetrci 
work on their uses, done at th 
Indian Institute of Sciences, Bangs 
\ofe. under the leadenhip of M 
Sirsi. Niabidol has been found i 
be more potent than nimbidin ii 
malarial infections. Nimbidin ha 
antifunpl activity against Tine 
nebrum and baeterieidal action agains 
Mycobacterium tubercuhsis Hg, R, 
Sodium nimbidinale, a water solubi 
compound, has effective spermkidi 
action, an observation useful ii 
family planning (Symposium oi 
Utilisation of Indian Medicinal Plants 
Central Drug Research Institute 
Lucknow, 1957 and Ind. J. hfec 
Sci., 1959). 

Quercetin is not the only yellov 
compound found in neem. ^side 
quercetin, there are other flavonou 
pigments identified in neem flower 
as kaempferol and myricetin. Re 
cently from our JIPMER laboraio 
ries. we have reported the isolatiot 
of I new glycoside of myrketin 
named melkitrin, from the freil 
flowers of neem {M. / Chem. 1972 
lA 452). 

By no measure, the additiona 
information given above is exhaustive 
Indeed, an up-to*<ltle and compleU 
account on all aspects of this vilu 
able medktnal plant would be helpfu 
for the utilisation of this wealth ol 
India. 

S. SaNKAKA SUWAMANlAt 
Frofessar of Chemistry 
Jawaharlal htatitutt of Fostgroduau 
MetB. Edn. dt Besearci 
Pondieherry^SOCh 
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WHY DO iwCLEON! 

t O-O $ O"" 

NARESH KUMAR 

The extct nfttnre of the forces which ''glue" the nudeons toge¬ 
ther withio the Duclens of aa atom has baflted physicists for a 
long tine. These forces, acting along eery short distaaces, 
can be both attractive and repulsive depending on the distance 

between the nucleons 


H ans a. bethe (u.s.a.). « 

Nobel Laureate, once remark* 
ti that the probleni’-*'What hoMi 
he atomic nucleus logeiher, and 
vhal it iti structure T—has consumed 
Dore man*houn thao any other 
cientific questioa io the history of 
oankind. 

Ever since Che discovery of the 
ludcusin 1911 by Ernest Ruthtr- 
brd (U. K.), physkisls have tried 
0 study the nature of forces 
vhtch bind the nuclear particles 
ogether within the nucleus of an 
Horn. The discovery of neutrons 
>y James Chadwick (U.K.) in 1932 
(ave a new direction to these searches 
IS it suggested to the scientific world 
hat the building Mocks ot Che nucleus 
ire protons and neutrons (collectively 
4Jled as nucleons), and not protons 
Lod ekctroas as was the notion earlier, 
t is only after four decades of extea- 
ive resMTch in this field th^t today 
I fair knowledge of the forces which 
iperate between the nucleons, and 
lold them together, has been jrained. 

i tew ibree 

Before nuclear physics came into 
ifiiig. only two fundamental ft^rces 


ware knowa In physics, namely, the 
gravitational and the electromagnetic. 
It was clear 10 nuclear physicisu from 
the very beginning that both these 
forces would be present even within 
the small volume ('*-^10*’* cm') of 
a nucleus, as oucleons have a finite 
rest mass (- 1.6x IO***!) and protons 
have a finite positive el^rical charge 
(A.I X 10~'* esu). The attractive 
gravitational force in the realm of 
nuclear dimeasions ('^10*'' cm) was 
calculated to be very weak as com¬ 
pared to the repulsive electrostatic 
force between the protons. It was 
apparent that unless some other 
strong and attractive force acts bet¬ 
ween the nudeons, the repulsive 
electrostatic forces between the pr^ 
tons would make them *‘fly away*' 
from each other tearing the 
atomic nuclei apart. This new force, 
uow called the oudear force, is the 
third basic force tn {^ysics and is the 
strongest d* all. At a distance of 
1 fm (I cm) the relative 

strengths of nuclear, electrosUtie and 
gravitational forces are 1, 0.03 and 
lO"** respictivel). 

Both the gravitational and the 
electrofnegnetic forces obey the 


famous inverse square law of foite, 

i.e., / e< ^ Unlike them, the nu* 

clear forces are complicated in nature 
and do not obey any simple law. 

An atomic nucleus is a complex 
and densely packed structure contain¬ 
ing a large number of nucleons, say,, 
from 1 to about 240. The study 
of the forces between nucleons pre¬ 
sents enormous difficulties, as there 
could simukflncously prevail Indepen- 
dent forces between two, three, four 
or more nucleons taken together. 
To begin with, two significant 
assumptions were made regarding 
the nudear forces: (i) nuclear forces 
are of the two-body type, i.e., the 
nucleons interact in pairs only; and 
(ii) the force between two free 
nucleons (when other nucleons are 
not present nearby) is equal to the 
force between two nucleons embed¬ 
ded in a nucleus. 

Nowadays the attention of nuclear 
physicists is focussed og MMaining 
a link between the characteristics 
of the "real’* nudear force to the 
one obtained by using the above 
assumptions. Present researches indi¬ 
cate that the main part of nuckur 


phrsiesat Jlicdu Collsft, Ddhi Universitr* 
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forc« ii of Ih6 two-body type, imply¬ 
ing thereby Ihtt ihree-body or many- 
body forces are weak; and that the 
force between two n\icleons in a 
nucleus is not much different from the 
force between two free nuckons. 

Nature has provided us only with 
one "readyma^" bound two-nucleon 
system. It is the deuteron. The 
properties ofdeuteroii couM provide 
information only about the neutron- 
proton force at large distances. The 
main features of nuclear force known 
today have been gathered from 
scattering experiments (Fig. Ik in 
which a beam of neutrons or protons 
at high-energies is shot at a target 
usually of hydrogen. Neutrons or 
protons colliding against protons in 
hydrogen get scattered in various 

y wovAaic 
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directions. Their number in every 
direction is counted by the use of 
various detectors. Though the 
scattering eiperiinencs lode simple, 
an enormous effort has gone in design* 
mg and performing them. Once 
the expenmenul data are available, 
theorebcal physicists have ic devise 
mathematical tools for handling the 
data. Tlwy have usually to call on 
the services of fast electronic com* 
pulers to carry out complicated 
computations. This explains why 
K has taken so long to determine the 
fundamental interaction between the 
nucleoBS. 

The basic philosophy behind a 
scattering experiment is that when 
we shoot a nucleon against another 
at a high speed, they come very close 
to eKh other for a brief moment; 
they **expenence** the force and 
separate again. Properties of the 
force ire judged from the behaviour 
of nucleons in such close encounters. 

Cbaracterisfk properiien 
Scattering experiments reveal the 
following about the nuclear forces. 

The nuclear forces a re short-ranged. 
The range of the nuclear force 
is usually taken as J.4 fm. where its 
siirn;*h diope off to n!>ouf one third 
oh . iximum value At a distance 
o' III ''ut 4.? fin, the •Micle.if fnr^e is 
t • ,nad»' nto. I »h r»«\iMM.iMf 
. .| vKs'lumi.igncth foKts arc, on 
U.e coiili.iiy, lnnp i«»HfC forces. 

ll,e hue betwcin ;• nrulion 
aiHl • pioti.n (y*) K KlcriKal to the 

foicv Kl'-ssO Tuo protons (if nllow- 
anct is iivnle fot the Cuulsnvib 
repulsive Innc l»ctwccn protons) or 

two neutron's if lliey me ii» the saun; 
si ate of moiioi i. N ik lea r foi < cs ai c 
Ihererorc chaiyc-MKlcpcncifnl. 

Nuclei 1 foncs, though strongly 
Htlruclive at a distant c of about J fm, 
bciomc highly rci'iiKtse M r riist^rH#- 
of about 0.4 fm. If wcif luti so. 
under the action 1 1 arone ;tili;icii\c 
forces the nuckom u^ukl come very 
close logeiher imf the whole iioikuK 
would •’collapse** to .1 M/c v lm h i 

Ml 


equivalent to the range of nuclear 
forces, hi such a srtuatK n the size 
of a nuckus would becou'c h-depen- 
dent of (he number of Dudeons it 
contains, which is contrary to experi¬ 
mental observation. The distance 
of 0.4 fm is usually referred to as the 
hard core. The existence of hard 
core does not imply that nuclear 
forces are repultive. On the whole 
they are always attractive. The 
gravitational forte between two 
misses it always attractive; eleclro- 
sutic force between two charges is 
either only attractive, or only repul¬ 
sive. depending on the polarities of 
two charges; but the nuclear force 
can be both atiraclive and repulsive 
depending on the distance between 
the two nucleons (Fig. 2). 

Data on binding energies and mdii 
of nucki indicate that nuclear forces 
do saiuraie. In other words, they 
show the properly of ••limited*attrac* 
tion'*. By this it is meant thal each 
nuckon in a nuckus interacts wiili 
only a few nearby ones, rather ihar 
with all from one end of the nuckus 
to another. Unlike nuckar forces 
gravitational and electromagnelH 
forces are. however, not selective it 
their behaviour. In 1932. to exptair 
the saturaiior) properly of nucleai 
forces. Werner Heisenberg (Germany 
inirodured the concept of exhangt 
r<»ices. by vijji/e of wltirh the interact 
\uv notUi^ns (onS.I <Ki.h.'ingc cilhe 
tUnr poMtkm. or S|'ii>. or both ri 
aboiU half of their inlt raclions. 
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Like the motions of the eARh 
round the lun* eech nucleon exhibits 
wo kinds of motion; s curvilinear 
(totion in some specified orbit and • 
otaiory motion shout itseif cal ted 
he orbital and the spin motions, 
espectively. They are usually repre- 
anted by the directions of their 
ngular momentum vectors, which 
oint along the axes about which 
ht nucleon executes the orbital and 
^e spin motions (Fig. 3). The spin 
notion is of two types: clockwise 
nd anti-clockwise. Because of only 
nese two possibilities, spin motions 
I two nucleons can be only either 
arallel or anti-parallel to each other. 

The gravitational force is central in 
iharacter as it depends only on the 
listaoce between the attracting masses 
nd not on their relative direction, 
rhe magnetic force, on the other 
land, is non-central as it depends not 
miy on the distance between the 
nagnets, but also on their relative 
directions with respect to their dorth- 
lOUth axes (Pig. 4). The nuclear 
bree, however, is partly central and 
»rtly non'Central. Of the two parts, 
he central part is the dominant one. 

The nuclear force between a pair 
>f nucleons, when their spins are 


anti-parallel to each other, can only 
be central. This is because in su^ 
a case the nucleon spins cancel out 
and theta is no reference direction. 
When the nucleon spins are paralkl, 
the resultant spin provides a reference 
direction and so both central and 
non-centra) forces act between the 
nucleons. 

The central force between two 
nucleons for the seme orbital motion 
it greater when the nucleon spins are 
parallel than when they are anti- 
parallel. This is usually referred to 
as the spin-dependeDce of nuclear 
forces. The central force between 
two nucleons is therefore different 
from other ceniral forces such as in 
gravity, because itt magnitude 
depends on the relative spin directions 
of the nucleons. 

The non-central part of the nuclear 
force has two components. A com¬ 
ponent of the two-nucl^on force 
which depends on the relative direc¬ 
tion of their orbit with respect to 
their spin is called tbe spin-orbit 
force. The other, which depends on 
the directions of their spin relative 
to the direction of the line joining 
them. Is called the tensor forte. 
Both spin-orbit and tensor forces act 
only when the nueleoo spins are 
parallel to each other. 

The story, though has grown 
complicated, does not end here. 
Most analyses pike that of T. Hamada 
(Japan) and I.D. Johnston (Australia) 
carried out in 1962] of the two- 
nucleon scattering dau (in the fonn 
of two-nucleon phase-shifts) up to 


^ut 350 MeV (1 MeV-I.d x 10- 
erg) involve some complicated qua 
dratic forces apart from the central 
spin-orbit and tensor forces. Thougl 
these quadratic forces are combi 
nations of central and spin-orbi 
forces, yet tbeir introduction doe 
compllcaie the matter further. Evei 
aAer tbe introduction of quadra 
tic terms, the general characteristic 
of the nuclear force remain the 
as discussed above. 

Mcaoo theory 

To explain the phenomenon o 
nuclear forces Hideki Yukawa, i 
Japanese physicist, postulated in 193: 
an exchange of particles, of mas 
about 200 times the mus of aj 
electron, between the nudeons. Tbi 
suggestion was based on an analog 
with the mechanism of electromagne 
tic forces between electrical charges 
Instead of imagining the force bet wee 
two charges as being due to the line 
of force distributed in space, on 
could picture the force as being du 
to an emission of photons from on 
charge and their subsequent absorp 
tion by another. 

The particles which could act a 
''carriers'* of the nuclear force wer 
observed for tbe ftrst time in 194 
in cosmic rays by a team of scientist 
iC.F. Powell (U.K.). C.M.G. Latto 
(Bratil) and G.P.S. Oehiallini (Italy! 
of the Bristol Univenity, U.K. Thei 
particles, now called T-mesons (o 
pions), have a mass about 270 time 
the mass of an electron. There ar 
three types of pions: postlivel; 
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iQiroduced Ihese exchange^! in their 
researches. If the nucleons interact 
Without involving any interchange, 
the resulting force is called the 
ordinary force or the Wigner for^*e. 
Different types of exchange between 
the nucleons are depicted in Fig. 6. 

Experiments indicate that the 
nuclear force is a mixture of about 
halfexchangeand huJf ordinar> force. 
This is possible if the pion on einis* 
sion. say. from a proton, has an 
n|ual chance ot absorption by cither 
its parent proton or a nearby interact¬ 
ing rteulron. All three types of 
interchange, vir.. Majornna, Aurtlcit 
and Heisenberg, contribute to the 
exchange pan. Studies on complex 
nuclei indicate that of the three, the 
Majo rant component is the dominant 

nrif. 


charged negatively charged 

(♦•) and electrically neutral (*'). 

According to Yukawa’s theory, 
the force between a neutron and 
a proton is due to a toeson field 
between the two. A proton emits a 
9 * which is subsequently ahNOibed 
by a neutron (Fig- 5). Or a neuirop 
emits aw- which is absorbed by a 
proton. The pion in this process 
slays free for such a short time that 
it remains undetected. This process 
is virlUQl as it is not allowed by mass 
conservation. The emission of a 
pion by one nucleon and its sub¬ 
sequent absorption by another, or 
vice versa, continues indefinitely 
providing a basis for the force bet¬ 
ween the two. 

The proton on giving its charge 
to a pion transforms into a neutron, 
and the neutron on receiving it 
transforms into a proton. This is 
possible as proton and neutron are 
similar particles differing only in 
electrical charge. The entire thing 
amounts to an interchange of posi¬ 
tions for the two (neutron and 
proton) explaining the mechanism 
of an exchange force. 

The two nucleons can interact via 
three types of exchange, viz., through 


an interchange of positions (or 
space coordinates), spin, or both. 
The forces resulting from these ex¬ 
changes are called il« Maii^rana, 
Bartlett and Heisenberg forces res¬ 
pectively. These natnenclatures are 
in honour of the scicniwis who first 


The force between a neutron and a 
proton is due to an exchange of +ve 
and - ve pions, while that due to ait 
exchange of neutral pions between 
two protons or two nculrorts. 
Yukawa's idea thai pions act as 
•'agents" of the niKlear force is 
supportCil by c«pcrinifnh on colli- 
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ons or nucleons at very high energies 
>1000 MeV). In such collisions 
very large number of pions are 
eneraied. 

The emission of a pion of rest 
lass mv involves a transformation 
f energy mac* (from Finstein's 
nass-energy relationship) from one 
lucleon lo another. This much 
nergy in a transformation of the 
ype 

p r* <1 n 

I not available because of energy 
or mass) conservation. How is 
hen such an emission possible? Ac- 
rording to HeisenbergS uncertainty 
>rlnciple if the emitted 

r* gets reabsorbed within a time 
then the energy of the system 
:annol be determined to an accuracy 
greater than ^E. This suggests. 

^h/mwr* 

During this period the meson cannot 
cover a distance greater than 

At. c-^H/mirc. 

On inserting the values of m», the 
pioo mass. c. the velocity of light, 
and, the Planck’s constant divided 
by 2sf, the above expression gives 
the range of the meson field, 
and so of the nuclear force. It is 

which is in excellent 
agreement with experiments. 

U is now believed that the nuclear 
force between any two nucleons is 
propagated not only by pions. but 


also by some heavier mesons like 
the p.« an IV mesons. These mesons 
may be reprded as combinitktts 
{resonances) of two or three pioos. 
Exchange of these particles gives 
rise to shorter range forces which are 
observed in nudear collisioos at very 
high energies. 

Present researches 
Various analyses of twonudcoo 
scattering data and the deuteroo 
properties have by now prcwkkd a 
fairly good knowledge of the force 
between iwo free nucleons. Nuclear 
physicists are now enpged in exiract' 
ing a connection between this force 
and the actual force between the 
nucleons within the nucleus. The 
usual approach followed is to calcu¬ 
late the properties of complex nuclei 
starling from the information gather¬ 
ed from two-nucleon scattering data. 
An effort is then made to bridge the 
gap between the calculated and the 
obUrved properties by including 
various corrections, which may be 
supposed to include the effects of other 
nearby nucleons or the ones due to 
the many-body fortes. The story 
H still far from complete and it may 
lake several years before we have a 
clear picture of these forces. How¬ 
ever. the present researches indicate 
that the force between two nucleons 
*in a nucleus* is not much different 
from the force belwecn ihe two free 


oudems and that the naay-body 
fmee it weak aa compared to the 
two-body force. 

Rescarc b es related to tbe ongio 
^nucktr forces baaed oa the meaoo 
theory are now maioly co tw em ed 
with the ro4e played by the heavier 
mesons and the tw^hon exchanges 
in the middle legioa artmnd 0.7 fm. 

Though reaeardxa in tbe above two 
branches usually go quite independent 
of each other» yet it is dear that our 
knowledge of the nuclear forces would 
be complete only when we axe able 
to derive their properties from tbe 
meson theory. The mathematical 
complexities mvcived have so far 
prevented physicasti from achieving 
a success in this aim. but we do hope 
that the day is sot too far offl 

Fwthtr rcadtag 
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Plankton 
From Onr Sea 


tndia can harm! enoraoin 
quantities of zooplankton from 
the waters around her 


^ROM ;tncfenl tiinef; vve have 
been hurvesting large qualiti¬ 
es of fish from ihc «a. The fish 
ihsist ou vmall organisms (secon- 
jry producers) known us zooplank- 
Ml which in iheir turn feed on 
iiuHcr plants, ruimely, phyioplank- 
Mi (primary producers). In the 
»i 2D years or so. considerable 
nount of work has been done on 
hyiophmkton and the fi^h. How- 
/<’r, knowledge about zooplankton 
^<ini for the following reasons: 
rst, it is difficult to work with zoop- 
mkton btfcuuKC if has a brief pcr:od 
f survival outside its envu«iiuncnt. 
ccondly, mo^i of them arc small m 
zc and laboratory handling requires 
great deal of innovation and 
aiiciU'i* 

ft Is now well recognized that 
Moplankion, next to phytoplaiiVh'ii. 
onstitulcs the bulk oforgiinv in:** 

'1 ihe scH tb’ip 1). Rci'cinli 

’ms'IUII OxIUllJl. I'huVd • 


of krill (small shrimps which form 
the food of the whales) in the 
Antarctic waters at 250 million tonnes 
per annum. In terms of quantity 
this alone constitutes nearly 5*4 
times the total fish landing from the 
world oceans. During the Inter¬ 
national Indian Ocean FUpedilion. 
standard zooplankton hauls were 
made at nearly 2000 stations all over 
the Indian Ocean. Rased on (his data 
D.H. Cushing of the Fisheries Labo¬ 
ratory, Lowcsiofl, England (1971). 
estimated the values of primary, 
secondary and tertiary production 
from the Indian Ocean. According 
to him. the tertiary level production 
for Ihe two monsoon seasons from 
the Arabian Sea alone vrorks out at 
approx 62 million tonnes, which is 
equivalent to the present total world 
catch of fish. The zooplankton bio¬ 
mass which works out (o icn times 
(if this is nearly 620 million tonnes. 
;kssvi;r»» ’ I to It) r:ilni iKlx'.i' U llic 


two trophic levels. 

The question often asked i 
whether we can harvest Oa 
enormous quantity of zoo^anktoi 
directly from the sea. Many sclen 
lists are of the opinion that planktoi 
harvesting could not be economictll: 
feasible unless areas of increases 
population density are either locate) 
or artiftcally produced. Frol 
A.C. Hardy of Oxford Dnivervt; 
and R.S. Wimpenny of rtahene 
and Food Laboratory at Lowestof 
however, do not consider this probier 
settled. There is also a suggestion to 
using a "'mechanical whale*', i.e., a 
apparatus which would engu' 
water and press out plankton mor 
or less in the fashion of whale 

Shortly before the second Worl 
War, the Biological Instiiute t 
Helgoland, Germany inveNligate 
(he possibility of harvcsiing pfankto 
4'‘ a new source t>f f‘*od for tl 
i. I man market In 1111 Sir iol 


CeiUft*. < •hImo 



}mh.'«m Kerr (U.K.) proposed Ihe 
cnsiiluOon of a specral commiiieo 
0 mvosiig;Ue r^ankcon problem, 
^nd, Sir A. C. Hardy in 1941 sug¬ 
gested ilui( plankton could serve 
IS a source of food in Englarvd 
luring the wartime food shoriege.s. 

It is well-known that the leader 
)f Ihe Kon Tiki Expedition across 
he Eacillc proved (hat pbnkion 
brmeU u suitable food matenal. 

a trip across the Atlantic. Allan 
iomburd (U.S.A., 1953) changed hf» 
normal diet (o plankton caught in 
ine nets. He said, ‘'it tasted like 
obMef. at limes like shrimp, and at 
lines like some vegetable*'. 

<i. Clarke (U.S.A) in 194S madi 
I delailed study of the nutritional 
nluc of murine rnopUnklon to use 
i as an emergency food. His 
Inclusions were that; 

li) a qunnlity of 5*11 grams of 
(dry w(.) plankton could be 
obtained per hour from a 
raft in the sea; 

{\i) the dry plankion contained 
$l\. protein, l%-4% fjf, 
l,V'„ 17^, carbohydrate and 
I9"„..13% asb; 

{uO the uus fed no plankton lost 
Nscight ritpiilly and died within 
4-19 duys. but survived 30''^ 
longer than starved rats. 

More recently, the studies of two 
lutgavian scientists have reveuied 
hill /ooplankton is a fiwd of 
ligh nutritional value which helps 
ivcrcome the deleterious efTect.s of 
lutntional deficiency. During their 
Kpediiions. they consurrwd zooplank- 
on following a specially prograrn- 
ned diet. Results of their expedi* 
ions showed that raw zooplankton 
an serve as a basic nutrient. 

The chemical compostion of 
hyioplankion i» highly suitable 
s basic food according to J.E.G. 
liiymoiu, of Sovilhampton Uni 
crsiiy More so is zooplankton, 
'able I shows that ash cortient is 
igher in the phytoplankton than 
i zooplankioii. 


Moreover, protein and fbt content^ 
are higher in zooplankton and 
tterefore, ittsa more suitable material 
for harvesting than phytoplankton. 

Raymont and his co-workers of 
Southampton University, (U.K.) have 
made important contributions to 
our knowledge of the biochemistry of 
marine zooplankton. As euphausids 
constitute an imporiant exploitable 
group of zooidankton, the biochemi¬ 
cal values of the euphausid 
ii'ptnincs notvftica make an Interes- 
ung reading. In the Scottish waters 
this species showed an average 
biochemical composition of 57% 
protein, 17";, lipid, 7% carbohyd- 
iaie, 16% ashand4% chilin in terms 
of dry weight 

Carotenoids and vitamins are 
also present in large quantities in 
zooplankton Table 2 shows ihai 
eupliausids have high cor>ceninrinn$ 
of vitamin A 

It is estimated that vitamin A 
content in the eye of euphausid is 
equal to 12000 international units 
per gram dry weight of body tissue 
as compared to 70 units found in 
mammals. 

Many kinds of flshes. particularly 
cluproid^, whales and some of the 
sharks exclusively feed on pUinkti>n. 
A blue whale can grow from 25 
lonoc'. to 87 tonnes in two years 
b> feeding exclusively on plankton. 
This niic of growth requires at least 
110 quarts of plankton per day 
(evcluding respiratory requirements). 
An annual catch of 5.50,000 tonnes 
of sardines off the California coast 
has been estimated to rteed at least 
15 million tonnes of zoo^ankton per 
year for support. It is estimated that 
in the North Sea about two million 
tonnes of herring should have subsis¬ 
ted on 50-60 million tonnes of 
/ooplankion annually (L.A. Wairoid 
of U.S. Fish and Wild life Service, 
U.S.A , 1958). 

It is clear that zooplankton can 
susciin n large populattdn of lishes 
M h:ch M l. as far as man is concerned. 
u^ iriU'iiitcdiaries for converting 

5U 



"Bui have I hey found out wherh\ 
pfankton as food will he vepetafltm i 
non-veperafiat/i?" 


zooplankton into edible protel 
The Ashes do this freely for us, bi 
(he efficiency of conversion appea 
to be low, As already pointed on 
it works out to about I0*„ of tl 
available slock. The imporiai 
question before us is whether v 
enn do better than fishes in directi 
harvesting plankton or. aliernaiel; 
can we assist them in gettin 
mojt plankton at the right time 8 
(hat they grow well and mortalii 
is reduced due to survation? 

Philip Jackson of U.S.A. (195< 
estimated the probable cost c 
plankton fishing, by assuming a 
average population density 0. 
g/m* (dry wt.). at $5040 to |840 
pur drv ton. This is an uneconom 
cal figure. Improvement on ihi 
figure is possible only if we ca 
bring about novel methods of plank 
ton catching or associating plank 
ton catching with the existing opera 
tioo of ships or offshore project 
where laige quantities of sea wale 
.'TV taken in for cooling purpose 
Table 3 gives the esrimated yiek 
of plankton by various collectinj 
devices. 

It is clear from Thhle 3 that 
besides being uneconomical, Uu 
(•uamlty of plankton caught by (hi 
evivling davices is not high 
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MteM af ftlaifcftw uami Iiik 

Befoit aoy stept dre Ukm to 
evriop methods for the expbita> 
OD of pkakxcot It U necemry to 
>ctte the oc c g rr e i K O aod Ahtudinoe 
f plABbtOA ia tbe MB. DoHaft the 
AtenMtioael Indiaa Oeta fivp^ 
hion It ivt$ fooad that the iraM 
f opvitQlaf aad equaiorkldiveTfteiK 


cos IQ the ladian Ocean are rich In 
plaoktofi. The plankton atlases 
publUlKd In 19^72 (Ck/^r) 

by the iDdiaa Ocean Biolo^l 
Centre at Cochin reveal that the 
Somali aad ^rabiao coejti, Mcst 
coast of la^ lovth Ceylonese 
waten, parts of Bay of Beofal, and 
soath Jan ma ace riefa la pUaktoo. 


From the concentration of plaaktoi 
in all these areas, the total biomas 
for each 5^ square works .one a 
several millloD tonnes per yeai 
FipiebaHia methoda 
At noted in Table 3, dunct cottec 
tbo of plankton Is uneconomki 
betides being time eoiuutning. Thl 
gppnneh slv^d be combjped wtt 
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Ttbk 1. Orgtak msM of fteAloa (4n 



Pretfin % 

Fat % 

draft % 

dsny. 

Ffi%% 

Nftroftn 

% 

ioofittnkfOH 

Copepodi 

70>77.0 

4.6*19.2 

0.4 4 

4.2. 6.4 

0.94.6 

11.1-12.0 

flightM 

69.6 

1.9 

12.9 

16.2 

2.6 

19.9 

*kytopiMktM 

Dtatoim 24.CMS.] 

2.0-10.4 

O.30.7 

20.4-29.0 

O.M.T 

2.9- 7.6 

Dinoria* 

gsllitei 

40.9.66.2 

2.4- 6.0 

2.9-26.1 

12.2.26.5 

50.74.9 

6.4-10.2 


Ttblc 2. Ciroteaold tad vitioia A mqCmI ^ soopliaktoo 



yuamin A 

Cmattnotda 

l.V.lt antmai 

t V.li Oit 

ammat 

Felioii 

Mtiany<tiphontt norrtgtfO 

18 

690 

42 

1.900 

VvyiartO€ir<t roiekii 

22 

492 

22 

500 

Fondalus baanivi 

2.1 

99 

24 

1.000 

SfirontQcatui 

1.0 

22 

27 

950 

CfOKian aUmonnl 

0.4 

30 

5 

290 

Oav^a vuigaris 

0.2 

21 

5 

250 


Table 3. Estimated j^leld of pladiloB by wkom collectiag devteco 


Mtihod 

Ptftrtnet 

Prr HwetroA mt Mttv 

Ar /» 

Plankton collectlnt >bip 

Hardy 

125.0 

275.6 

Psswnfer liner condeneer 


21.1 

62.5 

Swing net 

Hardy (1941) 

26.7 

59.9 

4-1/2 metre net 

Harr (1921) 

27.5 

60 6 

Kellgoland Urva nel (lowed) 


12.5 

29 g 

Harvester (2nd model) 

Shropehjre<l944> 

16.0 

35.2 

2 metre ilrtmin net 

Clarice (1929) 

7.2 

15.9 

Hetigoland Urve net (vcriicai) 


4.4 

9.77 

Centrifuge 

Juday (1942) 

0.002 

0.004 


Table 4. Dlicovery $1. 5380. I<r30 N let.. 70*37 '£ loof., May Idtfa, 1964 
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Ttmp. 

Sc/M/y 

Ffotn 

Mrar/I 

mf/l 
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*C 
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0 

20.26 

55.67 

0.15 

00.1 

4.25 

39 

29.15 

55.96 

0.20 

00.1 

4.74 

66 

27,36 

26.24 

0.20 

00. t 

4.22 

95 

24.10 

25.56 

1.09 

13.0 

2 00 

104 

21.97 

25.42 

].62 

20.3 

0 91 

141 

19.4? 

25.44 

2.19 

22.7 

0.11 


raw]ers» merchant ships and naval 
^easels as a subsidiary project 
Each ship should carry a comiDer- 
Jal version of Hardy's plankt<» 
ollector and collect plankton on 
ts way from port to port. By this 


method an additional quantity of 
plankton can be coUected and used 
by man either direciJy as food or 
indirectly as protda. fat etc. 

The main drawback of this method 
is that one cannot depend on it aa a 



**77iis is my scienti/ic improvtment 
on fhe old adage." 

regular source of plankton, becaus 
the purpose of the ships is difleret 
from plankton vollection. The onl 
advantage is that plankton 
collected as a ship's seconder 
function at no extra cost. 1 
would be worthwhile to^ initiate 
pilot project of this type/ 

Arti6cial upwelling could bo anc 
ther method for bringing aboti 
increased productivity in the sea 
There are places in the sea, sue: 
as the west coast of India, wher 
upwelling (i.ts., lUiug of the subsui 
fact waters to the surface region 
of the sea) of subsurface water 
rich in nutrients takes place durinj 
February-July season every year 
When this happens, a chain of event 
such as the following Qormall; 
takes place. When the nutrient 
rich waters reach the surface, thu 
phytoplanklcm becomes abundan 
in the presence of sunlight. They an 
primary' p*.^ucen which synthesis 
ca^hyd rates by the process oj 
photosynthesis. The phytoplaoktor 
forms the food of zoo^nkton whicl 
in tun sustain the fishes. This biok)< 
flea] chain can be started at man) 
places in the tea if we create upwell* 
ing conditiom pouible with modert 
tach&ology. 
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RolM.tftf (1971) b 

D ioiefettiiig ptper (fotd 4t Ub 
ympothuD on Fertility of tbe See 
rid At Se^ ftulo» Bruil ui December 
969) pofflpiog of deep 

ttter rich In nitrtm end photphM- 
i$ ee pert of »a induetriel project 
>r prCKiucing freehweter, eirooo- 
Hionbe end riectricel power, 
beir suggesdoo iaclieled porapiiit 
r cold (6^7*0) deep offrimie 
eter from* e depth of oteriy 
QOO nietree chroufb e pipelioe 
od uee ii ee e cooUnt in e 


>e»d fuel or oucker genendnd 
lent eed eko b atr<oiiditsoiuiif 
/cteoe for e hotel complex. The 
eth weter et e byproduct of the 
[f-condilioiuiif lyiteai ii stored 
I e reeervoir. Then thU autrieot* 
ch deep weter» uochenped except 
I tampereture, » P>P^ to artificiel 
ODdft for the frowth of phytopUe- 
ton end onset of lubieqiient bio- 
ifkel cbein. They conducted theee 
iperimenu in Vkyia hleads (St 
!roui) wbere water at lOOO meten 
epth ie about a hrilomeCjo from 
le ftboie. 

In experiments usiof the phnt 
ril Skfletonema corionen. they 
roved that while oo phytoplankton 


frowth tool pUoe m the serfacd 
waters at a station* ha production 
west up as much as 27 tunee if deep 
water from the tvm statioB w» 
brought np. 

We can plan a tkaOkr experiment 
off our Lueewdne Iriande. Here 
the deep water rkh in phoe ph i tr u 
and nttrmiei is witnin 200 netiea of 
the surface and hardly 1000 nm tiee 
from the shore. The mrby lagoon 
cun be converted as an experv 
meoul pool Otvea above k the 
hydrofrajAic data for a deep station 
near Laceadrvee (Ihbfe 4). 

FfMB IhblB 4 it is meo that 
P and N valnea inetease below a 
depth ci 66 UMii es aed we have 
very rich waters et 141 metres depth. 
It mey not be an expensive prop^ 
adoa to pump theee wacen to the 
Hiffhcu of the lagoon. 

We can buUd a muhipurpom 
industrial oaH on Kavarmoi Islaod. 
A desalinatioa plant enn be 
by usieg ri e uik; power generaied 
by the difceaec tn theroonJ potao- 
tial avmilihle b the nearby deep 
«a (Table 4). The ooohat for the 
plant may be drawn from a t^lh 
of 400 OMPtres where the waters tere 
a teoperebue of les thia I5*C. 


After peif o rm i f its coohi^ tone 
tiOB both m the geaeratii^ am 
dealmadag pbit* thh water riel 
b phosphates and rntrams can b 
kl out lato the kgobn where it wil 
trif^ the dnvJfifnrns of pleiiktoi 
and fbh. Such an bdamrial 
(Fig. 3) at the Ucadka 
win be a great advemage to Us 
iskaders. The cookm water fton 
the de^ sea mu ako be nmd U 
aijcondrtioa hoseh and hoaws b Ue 
iskad coaptei - 
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4EDICAL NOTES (CctUimed/nmi 627) 


atioo during normal dev si opmeat 
nd cardnogenesis (J. Nat. Cancer 
PUl.* 46* 111-VII* 1971). or course* 
tin hypothesis has yet to receive 
xpenmental support 
Whatever might be the mechanism 
y which polyl. polyC inhibrts the 
evelopinent of difkmit carcbomas* 


thh synthetic doabk-straoded RNA 
has ako certab toxk rilects. 
It IS esnbryotoxk b rabbits and 
elevates c o oceotration of senim 
transamiaasES and the prechranbia 
time b do^ Boidcs polyl. pofyC 
can influence mkrosomal mixed 
fuocdaii oskbtf activlQ' thereby 


affecting drug mclaboKwn b mamma 
Kan liver k wre. So. before ilsappli 
cation for the Uutnui of humai 
neophwns. aD pomible precaution 
must be taken to avoid or to mbi 
mbe the toxk eflSects of thh synihets 
polyiiboBDckotHk. 

Dvax KtMAI Duu 


V.V. RAMA SASTRY 



CHELATING 

1 variety of applicadoiB to 
indostriaJ processes^ water 
tfeat m ent and t(ricalt»e 


H ow do food products, cosmetics cbemica] afeots (those haviog N, S see is a brigbl red colour. Both tt 

and toiletries reuin their or O atoms ot poupt coolaiaing ferrous sah aad the phenanthrolir 

flavour, colour and clarity? What tbeM atoms) have led to a thorough are practically colourless, but the 

keeps wines free from turbidity? search of the various panuDeters interactiOD produces a bright colou 

What makes detergents effective to involved. This cootinued search has The complex obtained is idcotific 

^eanse clothes with bard water? hnaUy grown into a whole branch of as ferroin. 

How does hydrogen peroxide remain chemistry i^itt we call today tbe 

liable on standing? And how do '*Co-ordiiutioo dienustiy*'. 

rubber and pdymer products main- The modihcatins brwgbt about 
lain their colour and stability against on a metal ion ia $<^ulion by suitable 

^t and light? These and many chemical agcaU are a result of com- 

>ther challenging problems faced in plex interaction between the metal 

ndustrial processes have been ion and the agenL This complex 

iuccessfully tackled by dtemists with interaction had created a lot 

Ite help of chelating agents. interest in the minds ^ the 19th 

The study of environmental faaors century chemists and. as a result, a 

particularly the influence of other number of theories were put forth FgRROlN 

hemical species' on tbe behaviour to explain h. Less exao theories gave The normal tests for iron in fsrroii 
»f metal ions rn soSution is no less place to more exact ones in due fail to show its presence and for al 

mponant than, the study of the course and the present day theories practical purposes, it appears tha 

fiflucfl« of environmental factors on are quite compticated. no iron is present ia ferroin. This is 

luman behavior^ asp«ts, The Let us put tbinp in a simple way. however, not inie. Ferroin doei 
ariy observations that the properties When you add a drop of the chetnkal contain iroo, but the iron is so bidder 
f a metal ion are draslKatly changed I. lO-^nanihrolme h> a dilute inside that lu prerence cannot hi 

*T modified.in rite preseniv of other solution of a ferrous salt, what you detected in free stale. 

r Sasuvia^vrelepasQiClMaisr siGeenui FoMcoLtd. PuaMltOlg 



AGENTS 


Tim mMMm 0f 
cyanide (KCN) lo feniMi tftlt tJso 
c«dt to a compki intenction pro- 
hict, F«(CN)«“*- 'Hti* conplex also 
toot DOl give testa for iron. How* 
it is ditfereot from ferroio, 
especially in one way. Fe is bound 
It two places on each reagent nole- 
nile in ferroin. wbereas it is bound 
n Fe(CN)r* at a single place on 
sach reagent molecule. Ferroin type 
mnplexes» unlike Pe(CN)t*^i ' ^std 
o ring formations and are called 
Hielatet. 

The word delate ii derived from 
he Greek Word chele, meaning claw, 
rhe word connotes what it does, 
delates strongly hold a metal ion 
n a claw-like structure. When a 
*eageot (alio called ligand in com- 
>lexes chemistry) attaches itself lo 
he metal ion at two or more possi- 
ions (called donor positions), it is 
tferred to as muhidenute or.cbelat- 
ng ligand. The resulting inlerac- 
ion product is called a chelate. 
Ligands containing 2, 3, 4, S and 6 
lonor positions are known and they 
ire termed bidentaie, tridentate. 
:etradenute, pentadentate and bcJU- 
lentate ligands. A raultideniate 
igand is not necessarily a chelating 
igaod. For that purpose, the donor 
Items should be suitably placed on 
it to form stable 5 or ^membered 
rings with the metal ion on chelation. 
Die following are a few examples 


of cbdatiag ageiKS and the way they 
chelate metals. 

The important effects produced as 
a result of ehriatioo can be lummaru- 
ed as foOowi: (a) the colour of a 
metal ion may deepen, fade or 
change; (b) an ins^uble predpitaie 
like calcium sulphate may dissolve 
io water on chelation, say with 
EDTA; (c) an insoluble predpitate 
Oike nickel dimethyl-glyoxiniate) may 
become soluble in a water immiscible 
organic solvent (e.g., chloroform); 
and (d) unstable oxidation states may 
be siabibscd. 

The above effects of chelation are 
exploited to a large-extent io various 
fields of sdetice. paniculariy in the 
analytica] chemistry of metal ions. 
A full branch of analytical chemistry 
called complexomeiric . (largely 
EDTA) titrations has come into 
existence. Redox (reduction-oxida¬ 
tion) reactions make use of chelation 
either as indkators or for masking 
tbe interference of uodesired ions. 
Gravimetric analysis makes use of 
tbe iasolubilicy of chelate compounds 
while cdorimetric methods are based 
on the appearance or disappearance 
of colour oc chelation. 

ladMrUl apptkadoae 

Cbelatjog agents find a large 
number of industrial applications 
though they have not been exploited 
to tbe desired extent Tbe industrial 


appheationa o( chefiting agents aj 
a consequence of the modificatioi 
they bring about in (he metal io 
properties. In a large number < 
production processes, the presence ( 
free metal ions, even in traces, ha 
adverse effecu on tbe process leadin 
to (a) lower yields, (b) metal-cataly! 
ed side reactions, and (c) contaim 
nation of end products. It is nc 
always possible to remove metal ion 
completely from the reaction medium 
Chelating agents suppress metal ioi 
characteristics and the result, i) 
effect, is as good as their physics 
removal from the reaction zoru 
This process of suppressing the physi 
cal properties of metal ions withou 
physically removing (hem is callo 
sequestration, and so the chelatin. 
agents are also called sequestranu. 

In recent years, our understandin 
of chelating agents^their struciurei 
properties arvd applications—ha 
grown BO much that a synthetrst ca 
make and give you a chelating agen 
according to your specifications. > 
large number of chelating agents ar 
added to (he existing list every dny 
However, only a limited number o 
(hem currently find industrial appli 
cations, probably because of the higi 
costs involved with tailor-madi 
chelating agents. 

Two of tbe most commonly usei 
sequestrants are the sodium salts o 
cihylenediaimDe tetra-acetic adi 
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«lt EDTA 


EDTA) and nitrile tria««tic tcld 
NTA). When the tatra-sodium salt 
•( EDTA reacts witfa calcium ioas 
\ holds them in solution ti^tly 
n the chelate structure. Other 
Dm such u inagMiium. iron 
ad manganese are chelated and 
leld in solution strongly in a similar 
lumner by this reagent. In general, 
he chelates are stable over a wide 
ange of pH and temperature. 
Chelating agents currently find a 
ariety of applications in industrial 
tfocessei, water treatment, consumer 
nd household products and agriniU 
ure. 


I^atar aoftslig 

Sludge or scale formation is a 
erious defect in boilers. When 
belating agents are used in boiler 
Ater treatmeDt, the chelated meuU 
emain In solution and no sludge is 
Dimed. As a result, heat transfer 
% more rapid. This is why EDTA 
nd NTA are used in boilers. True 
helating agents are costlier than 
onveotional chemicals used for boiler 
Ater treatment The merits of 
heUting agents, however, outweigh 
he increased chemical costs In some 
pedal applkationa. Moreover, 10 
ome appHeaiiou, the cost of cl^t« 
Qg agents for boiler water treatment 
an be minimi ted by the uae of lotH 
ichange pr^treatment processes on 
he boiier^eed water. For all gnml 
iurpoie% the more economical 
setbods such as lonAxchange and 


chemical precipitation replace the 
use of cheUting agents in water 
softening. 


D«t«r|«K bdMcrs 

Builders are materials in synthetic 
detergenu which chelate (sequester) 
polyvalent meui ions present in 
ckening solution, particularly Ca*^ 
and Mg*^ ions which are present in 
substantial quantities in the so called 
hard water supplies. Over a million 
kilograms of builders are presently 
t if td in detergent products, parti* 
cttlari) in textile cleaning detergenu 
where they may constitute upto three 
quarters of the total weight of the 
product, tau udry products conta in* 
ing significant quantities of builden 
are called heavy duty or built deter* 
gents. By far the most commonly 
used builders are the condensed 
polyphosphates, particulariy penta 
sodium tripolyphosphate (STP) and 
to a lesser extent tstra sodium pyxo* 
phospaie. Other chelating builders 
such 1 $ KTA, EDTA and other 


In textile manuftoture, ocotro 
of undesirable eflbcts of hardneasaot 
heavy metal ions is easential ai 
•evenl stagea paiticalariy >*«"g 
mouiin^ hlrarhing and dyttoi 
opesatioDa. 

Oielattsg ■gif Btf place ii 
agriculture in the metaboliam 01 
pUoU and animala, aa carriers 01 
micronutfients. partkularty Fe, Zn 
Mn and Co. 

In pulp and paper production 
chdatiog agents help remove heav) 
metal ions and improve peroxich 
bbiching of pulp. 

Traces of metal ions have adverw 
effects on the flavour, colour, clarity 
and stability of various biologica 
and food products, foo control u 
important in these products and it 
cosmetics and toiletries for main 
taining stability, colour and parity 

In rubber and polymer products 
metal ions cause such undesirebb 
effects as polymer breakdown 
discoloretion and poor beat and ligh 
stability. Such difficulties are elr 
minated by small quantities of ch^t 
ing agents. 

EDTA is added to liquid soap foi 
haze prevention, to hydrogen peroxid 
for prevention of catalytic decotnpoii 
tion, and to wloes for turbidity coot 
trol. Metal finishing industries maki 
use of cbotatiog agents for control! 
ing contaminating ions. Exterior sar 


(CoJiloiued on page 598 




Bacteria That 
Defeat The Drags 


Aadbiotk* aa4e for tbe beat 
lb at Cm the BMUrtl 

dpeted cheOeage poeeg bj th 
Cl eg miitit bacterie 


N.C. MAN DAL 


r reafit to the adverse eoviroo' 
mental coodiriont U one of the 
iherent properties of any rom of 
ving being. This taction ti aa 
bvious necesrity for tbe sorvral of 
IB living or^nisott by adapting to 
» altered or adverse conditioiie. Tbe 
ipcnor thinking capacity of man with 
is increasiDg curiosity and ceaaeleu 
forts to triumph over tbe eovtron- 
nnt rasults in tbe discoary of 
lohiplidty of agents which can be 
sed to resist diflerent fonos of 
aemy. The most comcnon otaral 
aamies of man are those which wv' 
ot be taen by naked eye—chaniero- 
xfiaiims canaing direues in 
um. With the dkeosery of aka » 
9ope the physical nature of tha 
•cteria has been known and they 
ive bean rtadsed cborooiMf in tha 


laboratory. After knowing the 
biochemkai details of tbe life pro> 
cesses of these organisms it has been 
possible for nun to find suitable 
chemial agents, either synthetic or 
natuemh which could be successfully 
employed to interfere with the growth 
of the mjcroorgamsms thereby hel^ 
ing cure of the disease. The 
common chemical agents which are 
routinely used in onr daily life to 
combat there tiny eneaiies are anu* 
biotka and su}iritt*drugs. Tbe dis¬ 
covery of these asttbactreial agents 
proodeed a better form of life to tbe 
huBun society bot tins was certainly 
a challcQ^ to tbe microbial srorid, 
the rM****y for their curvivsl and 
g arp etaa tion. Soil was eipecsed that 
M badera wood renct to this 
ctaaDeogs. 


The bacteria developed som 
ways by which they could resisi o 
counteract the lethal effects of drug 
and perpetuate ihemsdvcs. When a 
antibacterial drug is used to kill 
particular type of bacteria, som 
bacteria in that population scquir 
drug resistance and ignore tbe prt 
sense of the drug. This meeo 
that some bacteria in anypartiouli 
sensitive population can grow eve 
in tbe presence of the antibaclerii 
drug. In earlier days, it was thougl 
that when tbe bacteria are grown i 
the presence of a particular dnig, t!i 
drug resistance property is induced i 
the sensitive bacteria by tbe mei 
presence of tbe drug. Now it is we 
proved that the mcfe p rese nce of 
drug does not prodoce the dnij 
resistant phenotype. If it were a 


» proUbility of getting miettnt 
rpfl would have been ffluoh greeter 
)en thet obuined in ectuel expert* 
wnU. ActuiUy what happens is 
lat in every population of sensitive 
ecterie there art a few resistant cells 
fhk^ result either from spontaneous 
lutaiion in iheir chromosome or due 
y the acquirement of certain extra- 
hromosomal (cytoplasmic) {tenetic 
lements in them. When such a 
opulation of sensitive bacteria is 
rown in presence of the drug the 
ensitive cells die while the resistant 
nes continue to grow and ultimately 
eplace the sensitive bacteria, 
tefietaace from the maiatloa 
There are two possible ways in 
I'hieh a drug may not show its inhi- 
itory action on a resistant bacterium. 
Vt know that the syntheses of bio* 
>gically active macromolecules like 
>NA. RNA, and proteins are essen* 
ial for the continuation of cell divi- 
ion and growth. Antibiotics inhi* 
'it growth of the bacterial cells 
ly interfering with the syolhetic 
process of any of the above three 
lasses of macromolecules. To 
how this inhibiicry effect the drug 
riolecule must interact with certain 
arget site or component of the parti- 
ular biochemical machinery: as a 
esult the latter becomes misfunc* 
ional or nonfunctional. This inter- 
ction of the drug with the parti- 
ular component requires certain 
pecific structure and conformation 
if both the interacting partners. If 
he structure of any one of them is 
Itered such that their interaction is 
io longer possible, the drug will not 
leable to show its inhibitory activity. 
;o the drug resistance property in a 
lactcrium may show up if (i) a dnig- 
ecsitive compor>en( in the cell is 
Itered. or (ii) if the cell evolves some 
liuchemical mechanisms by which 

t can modify or degrade and thus 
tiactivale the drug molecule upon 
L» entry into the cell. There may be 
third way in which a particular 
ell may become impermeable to a 
larticular drug so that (he btter 


does not get iU way to the lotrmcel- 
lukr she of ha action. la the 
first case, as mentioned in (i) above, 
the alteration of any component 
of the macromolecular synthetic 
machinery is effected by mutatioo 
in the chromosomal gene regula¬ 
ting normal function. 

Much work has been done on the 
molecular mechanism of antibiotics 
which act at the level of protein 
synthesis. It is well-known that the 
ribosome plays a mojor role in trans¬ 
lating a messenger RNA(m*RNA) 
molecule into a specific protein. 
There are a number of antibiotics 
which inhibit protein synthesis. These 
antibiotics display their inhibitory 
action by interacting with the 
ribosome in such a way that the 
drug-ribosome complex is no longer 
able to translate the d*RNA or 
does some mistake in this process 
thereby Bynthesizing no protein or 
syntbesuing some nonfuncuonal 
proteins. In the absence of biolo¬ 
gically functional proteins the 
bacterial cell cannot grow. There are 
several geoes in a bacterial chromo¬ 
some, the protein and RNA products 
of which collectively maintain the 
normal functional riboiome. Muta¬ 
tion in any one of those genes in 
chromosome leads to the production 
of altered protein or RNA component 
of the ribosome, the ultimate effect 
of which is to alter the structure 
of ribosome in such a way (hat the 
Utter cannot interaci with the drug 
in question but still possesses the 
ability to translate the m*RNA 
correctly. So the mutant (drug re¬ 
sistant mutant) can grow in presence 
of the particular antibacterial drug. 

The antibiotic penicillin acts 
on the growing cell only by 
inhibiting the cell-wall biosynthesis. 

In penicillin xesistaei mutant 
bacteria the resistance property 
is exhibited by a constitutive pro¬ 
duction of an enzyme penkiUiDase. 
which destroys the drug molecule 
after it has entered into the cdl. 
In some instances of penicillin 


resistance the cell*wall syntheti 
machinery is altered (an effect < 
mutation in chromosomal geni 
in such a way that the amibiot 
cannot iottract with the system. 
MiMpte drug realataace 
fiy a chromosomal mutation 
sensitive bacterium may becOR 
resistant to one drug in one stc] 
But in case of enterobacteria thei 
are many known examples of occu 
fence of multiple drug resist!] 
strains, i.e.. their certain strains sho 
resistance apinst a number of ant 
bacterial drugs Itka sulphonamid 
chloremphanicol. sueptomycin, tetn 
cycline. etc. Resistance to mar 
drugs it a time is not pouible by 
lingb mutation in the chromosom 
Organisms' resistance to several dru| 
(if they are all chromosomal 
linked) should arise only by tl 
accumulation of nutations in succe 
live steps. So. for selecting bacter 
resistant to, say, four differei 
antibiotics, chloramphenicol (C 
streptomycin (S), tetracycline (T 
and penicillin ^P). four suceessii 



“Thfr tint tAe boeitria Asve gone 
step JurrMer: they have befiimU 
the new drug both are Hvin 
happily together.*' 
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teps are ncceasary. It U ther^ore uih 
isuil that there would be a dramatic 
ocmre in the frequency of occar> 
ence of eoterobacteria with ouJupk 
Iruf resistance (MDR) in almost 
ill countries. In general. MDRs 
n those znicroorgaflpsnis do not seem 
0 have arisen in a series of discrete 
teps but. rather, to hare 

teen acquired simultaneously. 
Jeoetic analyses have revealed that 
4DR is speciSeil by an extra- 
hromosomal (cytapUsmic) getKtk 
lament which is referred to as the 
irug-rtsistAnce factor or R-factor. 

The R-facior was first detected 
^ Japan in l9S0s during an out¬ 
break of bacillary dysenU'fy. Since 
hen. extensive epidemiological 
tudies have been carried out in 
apan, England, the Netherlands, 
iwitzerland and U.SJK. The studies 
ave shown thut in numerous 
linical situations R-factors are the 
ger)ts responsible for the resistaoce 
0 different antibiotics and sulphoni- 
sides in enterobacteria. These 
ypts of MDR, controUed by R- 
acton, are also called infectious 
rag resistances or transmissible 
rug resistances because the geoetic 
eterminam, the R-factor. can be 
ransi'erred frort^ the resistant bac- 
»ria to a sensitive strain of the 
ame or different ^eciea; the 
itter subsequently acquiring 
be drug resistance property, 
t affects a number of bacteria 
Qcluding organisms responsible 
or dysentery, uriiufy Infection, 
yphoid fever, cholera, and plague, 
fraosmissible R-factort have also 
icen detected in oonpathogeos like 
I, eo/i. MDR factors have also 
)een identified in Stt^ylocotau 
yreus, but in this case Cbe R-fteton 
,xt uon-trenamisiUblc in nature. It 
I not known whether there is any 
•epetic or evolutionary reUtiooahip 
>etween the trensmissible R-facton 
)f enteric bacteria and the non- 
ranioaiiaible R«fhctore of Siaphy- 
ococcus <lurtia (noimteric), altho¬ 


ugh resistaaces to maiTy of the saJhe 
drugs are iovotved in bottL 

The R*ficton have been chanc- 
terixed to be small molecules uf 
circular DNA havi^ their exist' 
euce as the cytoplasouc ^netk 
elements. A different R/actor 
inherits a different combinitioa of 
drug rtButaDces. la cam of bacillary 
dysentery the streia coataimng the 
R'factor hss been shown to 
possess resistaoce against four 
drugs: sulphoMmide. tefracydine, 
chlorin^henicol. and stieptomycie. 
Certain drug resisaat streins conta¬ 
ining R'factor not ooly inhoric 
the resistance properties a^inst 
antibacterial drugs, they also inherit 
resistance iptnst toxic metal ions 
like oiercury, bumuth. arsenate, 
arierute. etc. Stt^yheoenu atreui 
containing oon-traosmissible resis¬ 
tance factor PI has been shown to 
inherit resistance against ppniciUin, 
etythromyctn. bismulh, ireenate, 
srsenile and mereory; while that 
containing non-transfermble factor 
PfI shows resistance against peoicil- 
lilt, erythromycin, and mercury. 
In case of chromosomal dreg resb- 
lacice the resistance property cannot 
be transferred to a sensitive strain 
unless H is done by a process of spe- 
cial genetic exchange in the normal 
life cyck which may be a rare pheno- 
meoon. But. if a bacterium in a 
partKulir population harbors infcc' 
tious drug resUiarKe factor the 
number of resistant bacteria in that 
popnUtion increases very rapidly. 
It is because the resistant bacteruim 
can transfer its R-factorto a sensitive 
one which becomes resistant (R’*’). 
This fKocess continues UJte a chain 
reaction and eventually a Urge 
number of bacteria (If oot all) 
in that sensitive popoUiioa become 

R+ vrithin a reUtivdy shMt tune. 
T. Wataaabe of Japan, who ^rried 
out an extensive study os this subject, 
suggested iu 1963 that R-factors 
are composed of two genetically 
distioguishibk uahs: a transfer 



'*/r does not morter to me whether th 
bacteria loses to the dhtg or the 
loses to the bacteria as long as I do/u 
lose to either." 

factor (RTF) and a unit whic 
harbours drug resistance g6nes (th 
r^lermirkint). The RTF is believe 
to medtate the autonomous repl 
cation of R-fsetofS and to promol 
transfer from one bacterium I 
another by the process of conjugi 
tioD. The r^eterminants harbot 
genes which specify mbUnces I 
a wide range of common arttibiotk 
and sulphur drugs. This hypothesi 
has been verified by the recer 
finding Utat the RTF artd the i 
determinants can be dissocisto 
from the R-^or under certai 
environnsental conditions. 


It has been mentioned earlier thf 
in the case of chromosomal dm 
resistance the normal synthesis c 
biologicaJly active macromokcuk 
continues even in proaenor of a 
active dreg which is recognized i 
an inert molecuk by the altere 
machinery. But the drug resistant 
controUed by MDR factors is exh 
Mted by diflereot necheaisou. 1 

most cases, the p rese nce of the H 
factor DNA in the cdl gives tb 
extra benefit of having some enzynu 
which specifically inactivate tl 
drag molecules other by structur 
dificationor by catabolic deitns 


I'.Ml 


OA. Itei. te wmliULn Co 
mptoakydA, A eeaBy ciA , kuHOiycii, 
fee.. coatroOed by tka R-4kcior, 
At beeo iho AA CP ba dae to Cha 
MODca of AttibioCic modifying 
A^nat Ko Civ 7^ 

eidciffio fvattlAoca » coatr^kd 
j tba ly acb a iii of iirn i c i fKn a tr by 
he mirtAMe ^cCor wfakh defndn 
bt dm# fltolecAla. CUorainpbaiii> 
olieiattaifece.GOQCiodad by R-tetor. 
laa beea tbowa to be dae Co the 
imeooe of aa e ai ywn la Cbe fa» 
AAt ceOs wbidi caotas acoditatiop 
4 the druc to aa inactivt form by 
atyfacMA of tba hydmryi |rDvp(t) 
MeMt in Che cUorattphemieol 
Aolacuk. la oneofietiAcydifteaoJ 
titphonaoiide latittaaQas cootro)* 
ed by R4actor the mnrhaoiani k 
I bet dillereAL Thete druft cao 
Afily enter uao the nthfve oetlt 
lur^ feaebiog tlv uttfA<cUalar 
lie of action. The naitaiit cells 
omaloi^ Reactor pouett a 
woperty by virtue of which they 
b ool albw the entry of the dnigt 
Dto the cell aod ao the drugtcaiuiot 
oKh the intiA^ieiliilir eisa of Cheer 
tetba. 



Stnee the chtocP nt occorraoce 
of mohipla mbpint chxenoeMnal 
BVtAQts b lAia in toy popolation 
of bacteria, eitfaer pathogetuc or 
BOf^pathofenk (oalm tboae aib 
purpOBly aelected). dvy do aot 
atAte any najor probiaa for the 
haimma todetv. oii Che oottrary. 
they bAve become a haody tool for 
the geoeticbu aad the molecular 
bbbpsti fbr ftndying life proceaaea 
at the ombcnlar levd. But the 
ea ei R c a ce n( iafectlooi drug lesa- 
taaee it ao ooaoCicipated challenge 
CO wei aty. The occorreace of 
R-te£tor<oinaieiog ilfaiii it not 
ceitricted to the hoapttal outbreak 
only. R-lactor bearing bnmaa 
pnChogeas are pieieni in domestic 
anunals and fishes, partictilarly 
wheit amibiociet ace rooUiiely used 
as diet additives. Of course, there 
is no reason to amior that Che only 
danger to mao lies in the comas* 
naicAtion of dn^ lesistant pathogens 
lake Snlmcneiln, etc., from aauDAls. 
By fiu the gicAter potantaal daager 
nay cone from non pathogen, 


£ iritkb is usually eomfliiifl 
cAted from animals to bumaoi on 
Urge acale. These orgaiusiDsfieqoBi 
dy carry R-factor. Even if they 4 
not mrviva in the ioteidae, tht 
tianafer their R-factor to the hi 
man oon-pathogank enterobacter 
inhabiting the intestine. In tl 
event of infection with the pnthogea 
eotarobactcrii, the R-factor frot 
the oon-patbogeoic ones alreaf 
present in the intestine will be tran 
ferred to tlv former which wi 
thus become R* and hence resastai 
to the same set of antibactcri 
drugs. This poses a challenj 
to the treatment of infection ( 
pathogenic enterobacteria by usir 
antibiotics, (he roady-at*hsnd druj 
nowaday t. beenuse those R 
pathogens ignore the warning sign 
of more thnn one antibiotic. 1 
such a case, the only way to avoi 
this possibb hazard is to culture tl 
particular bacleriat minpU in tl 
Ubormbry. taken from the patiei 
coDcemed, and to test what type ( 
drug the bacteria show their sensit 
vrtyto. After knowing the proper drv 
the successful treatment will be eai; 


:HELATING AGENTS (CmUmeJ/nm 390 


ma mny be rfranrd nf heavy metal 
MgmminAtioflfradbAcine) by hosng 
oWtt with »teioas of icqicfte fiag 
gOAte like BDTA. 


Cfcciitiiig agentf would be efise- 


tWe in ion control in flnaO-tOHBod* 
erase quantities in nay indnstrial 
proems. What prove ati thsar fullest 
ezploicatbtt is dw queebon oftbmr 
economy. The synihesite must find 
wnys of producing cheap chelating 
ageoti that meet the spectfimtiotts 


of their intended use. 

Fmikm rmdteg 

Vogel, A.I.. A Text Bdck ^ 
Inorga/uc Analysis. 
Longman's Green A Co. Ltd., 
London (1961). 



ECTODESMATA -THE NEW 
PLANT STRUCTURES 


xtod^smaU are threadlike structures io plant cells. They act VJJAY K. SHARMA 
s pathways for transport of nutrients O.S. SINGH 


rNTERCELLULAR connection! 
. in plant tissues are a prerequisite 
»r their structural and functional 
rganisations. Primary pit fields 
hich are very thin portions in 
lani cell*wall are generally found on 
le radial and inner tangential walls 
f epidermal cells of various plant 
rgans. Localization zones of very 
lin protoplaemic strands at such 
oints in the cell-wall are called 
lasmodeunata. Cells of plant tissues 
re joined together by such 
rotoplistnic bridges (i.e., plasmo- 
esmata) and transport of substances 
:om ceil to cell has been aisumed to 


be their function. It is a universally 
agreed fact that plasmodesmata are 
present only within the tissues and in 
the inner walls of epidermal cells and 
are absent in the outer walls of epi* 
dermal cells. 

After a lapse of about six decades 
of the first description of piasmodes* 
mate by E. Tangl of Germany in 
1 $79, two German botanists—W. 
Schumacher and W. Halbsguih, in 
the year 1939 reported for the fir^ 
time that the outer walls of epidermal 
cells of many plant leaves do develop 
thin places rtsembliag primary pit 
Md and plasmodesmau. Uur, 


they along with many other botanist 
confirmed these observations on th 
epidermal cells of many plants an 
named such plasmodesmata a 
■‘cctodesmata*' in the year 195 
because they, in contrast to plasmc 
desmata, do not communicate wit 
plasrnatic strings of neighbouHn 
cells but terminate on the surface < 
the outer epidermal celUwalt. Ecu 
desmata are fine structures in tti 
outer walls of epidermal cells havir 
some analogy with plastnodesmat 
Because of their similar shape an 
localization within the outer wal 
they wore fint named ''outer wa 
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pUiraodeimAU'' iod Iteor ts ectfr< 
deimsu. 

Wolfpnf Frftnke of Bono Uoivor* 
sity, W.Germtny. in 1961 taeriM 
for the first time the itructum tni 
fu action of ectodesnuti. Accord* 
ing to him, ectodesauu seem to 
provide in almoie direct connection 
of the protoplast with the surround¬ 
ing outside medium of leaves, 

h may be emphasized, however, 
that cctodesmata do not exietkd to 
tht ffuter leaf surface but are always 
covpped by cuticle. They also 
provide continuation of the proto¬ 
plasmic bodies of epidermal cells, 
projecting through the outer walls, 
to the cuticle. In 1969, W. Franke 
concluded that io the outer 

epidermal walls very fiw aggregau 
spaces, the ectodesmata, exist whkh 
extend only in the walls and are 
:overed by cuticle. Recently in 
1971, Drs. EX. Ervin and J. Sikkemi 
)f the Department of Biobgy, Hope 
Allege, Michigan (U.S.A.). have 
epoTted tubular projectioos extend- 
Q| from inditddual epi^rmal 

ells into the cuticle In Stair 

tir/>(da stem. In this plant, the 
ctodesmaUL appear to be eximions 
tf protoplasts into the cuticle which 
ID ra*e occasions extend through 
he entire width of the cuticle. 
Since ectodesmata are formed 


lifca wdi nary platmotaBata, they 
aeoeraliy have the appearance of ords* 
nary ptanodemata. In the kavea 
of Frimuta they often ippea>‘ bi doe 
strincs. In /taage leaves 

they may be comcal, ve^ihaped 
or even ribbon like (Rg-O- io the 
leaves of Bilxkie $oUMH and 
ChAysmt k t M nmi Miami a strange type 
of ectodesmata ^pear as ptate 
mushrooms. Its cap toochn the 
protopUsmic body and the stalk 
adheres to the cuticle. Anotta 
strange type is paint-brush shaped, 
found in bulb scales of onion (Amm 
<tpa), the first leaves of Anitnkbmm 
mafur. and the leaves of Sidalcta 
rticmexk^. Here, loo, the broad 
part of ectodesmata is directed 
towards ceD htmeo and the stalk 
adheres to the cuticle. 

Ectodesaau are geaerally short 
and proje ct only to the middle of 
walls or reappear if into small 
pieces. Even a day-night rhythm 
has been reported by W. Franke 
(1961) in a Urge number of ectodes* 
matt during night and a tmall number 
during (be day. Such observations 
have suggested that ectodeamatt may 
be extended and retracted (by tlm 
protoplast) like the pMidopodU of an 
amoeba. But the meeot reeearches 
indicate that ectodesmata etUt in the 
walls all the time. 

Although it was thought that ecto¬ 
desmata should be homologous with 
plasmodesmatn, direct proof of proto¬ 
plasm in ectodesmata is Ucking. 
Plasoodennata have been shown to 
be cyiopUsmic tutrah rarrouoded by 
plasmalemma and containing endo- 
pUsmic reticoluffl. This is not Uk 
case pith ectodesmata. Tltt struc¬ 
ture of ectodnsmaia b the e le cti on 
Ducroicope appeers te be thiD suing* 
which may or may not be related to 
inlerfibtiUar ipacea within tbs cellu¬ 
lose walls. Ectodeanatt are not 
proper pUsmatie threads withb 
wall, but merely inteffibhlkr sirncm 
coTktaining liquid excretion producu 


of the cpidemal protopUits. 

Ectodeeraata may be demonstrate 
by a specific method using mercur 
chlori^ fixation and sttraing wit 
pyocttnnin, a violet pigmea 
Prese n c e of ectodesmata has bee 
demonilrtled by meara of electro 
microscope by using iodine*iilv< 
method and also with (he polar 
zation microscope. By usin 
mercury<IiIoride method, pUsino 
desmata of the mner cell wall can als 
be made visible on the foot cells of th 
eonicil hair (Pig. 3) and the layer 
of epidermal and sub-epidennal cell 
beneath the larger leaf vein (Fig. 4) 
In these areas exists the whole syiteii 
of pathways which connects th 
cells, starting from the cuticle am 
passbg into the interior of the lea 
liseue. 

DbtHMta 

Ectodeemau are predominant!: 
found in special sites such as ilonj 
the aotsdinal (redial) walls in somi 
hair (eonical hair) (Fig. 3), in (hi 
basal cells of hair, and in epiderma 
cells sunounding hair as in capittti 
hair. In contrast to conical haii 
the capitate hair contaio no ecto 
desmata. A large number of ecto 
desmata are always found arounc 
them in epidermal cells surroundini 
their basal cells. While working or 
the outer epidermal walls of seDsitiv< 
hair of Dionaea muscipula, in 1961 
Andreas Sievers of Bonn University, 
West Germany observed numeroui 
rtdiallyttrrangsd fibrils approxima' 
teiy of 2 nm dbineter penetretint 
(he trigger hair of this plant Moil 
inieresUDf is the abundance ol 
ectodesmata in guard cells when 
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wy frequenily show a typical 
istribution along the edges of stoma- 
il pores and the rear walls of guard 
ells (Pig.2). However, they have 
ot been observed on guard cells 
f SmUax hispida stem. 

Eclodesmata alsri appear accumul- 
ted above, benet.th and on both 
ides of larger leaf veins in cpider- 
ul cells. In neighbouring cells 
ctodesmata may be less in number 
r even lacking. Ectodesmata. how* 
ver, have not been reported in 
eromorphic leaves due to the thick 
stomatous (i.e.. without stomata) 
uticle which prf.'venis folia i absorp- 
ion. In surfr.ce view the ectodes' 
data appear as points. Sometimes 
hey are lined up as rows of chains 
luite straight without regard to 
ell limits; in other cases they are 
rowded*along the anticlinal walls, 
ictodesmau mity encircle the cells 
if the conical hair. In epidermis, 
round these hairs they are frequen* 
ly arranged in *;irclcs which seem to 
ontinue the ^crew-formed chains 
round the basal cells of the hair. 
^Iso in guard cells of stomata 
he ectodesmata accumulate partly 
iloog the convex walls and partly 
ilong (he concave walls bor^ring 
he por e s llvnselves, snmetimeb. 
towever crowding o^ily on the poles 
>f the stonsatal pores. 

RiMcdm 

W. Franke (1967) described 
setodeamata as threadOrke siructuras 

)crOMi»Tc 


with the role of pathways for wall 
penetration and demonstrated 
that foliar absorption and excre¬ 
tion of substances are confined to 
the eclodesmata. Ectodesmata 
serve as pathways fur Itanspori 
of substances from (he oulside to 
the irUehor of the tissue artd vice 
versa. Since leaf 'Surface pores 
such as stomata and hydaihodes 
am not the primary pathways for 
salt absorption and absorption by 
pecitc layers is questionable, ihe 
only possibility then is through 
outer walls from the cuticle into the 
protoplasm of the epidermal cells. 

The occurrence of ectodesmata in 
the outer walls of epidermal cells 
may explain many observed facts 
pertaining to foliar absorption of 
diverse substances. The phenomenon 
ofeicretion may also be explained 
Thus ectodesmata are supposed to 
be involved in foliar penetration 
and as pathways for substances 
that are discharged through the 
cuticle. While working on ectodes- 
mate in relation to binding sites for 
inorganic K>ns and urea on isolated 
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cuticular membrane surface, W 
Franke in 1969 concluded ihi 
in intact epidermal cells the bindin 
sites In the cuticle lie on the to 
of ectodesmata) spaces in the vra 
and that together they form combine 
pathways of favoured penetrabilit 
for aqueous solution which is l 
be absorbed or excreted. Dn. F.M 
Scott, K.C. Hamner, E. Btkei 
and E. Bowie of University c 
California in 1956 proposed thi 
(Continued on page 6^3. 
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X-rays from supernova 
remnants 


N incidence of explosion in the 
heaven, millions of times more 
powerful chan « nuclear explosion, 
I the hirth of a supernova remnant. 
It is one of the rare events that 
istronomen always eagerly await 
or. The entire panorama of the 
tar-studded sky (hen looks dim and 
Irab in the supernova's presence. 

The frequency of occurrence of a 
iupemova is as small as once in a 
*ew hundred years. It is still more 
educed for us on earth, as usually 
en out of eleven supemovae occur 
mder the cover of dust clouds. So 
ar, astroQomers have been able 
0 witness only three supemovae 
:venls whose frequency of occurrence 
% quite erratic. The first is tbe Crab 
Nebula, presently the most fascinat* 
ng object in the heaven, discovered 
ly the Chinese in 1054 A.D. The 
iecond is the Tycho's nova, dis> 
covered by the great astronomer 
fyebo Brabe in 1572. The third 
^15 discovered in 1604 by Johannes 
Lepler, renowned for his planetary 
iws of motion. 

The inert matter that the supernova 
trows oflT is called supernova rem- 
aot. AAer the explosion the 
nnnant travels through the inter- 
ellar space and interacts with it 
rearing a number of startling pheno¬ 


mena. One of Che recent discoveries 
is that the remnants emit X-rays 
(Sckruific American. Dec., 1975). As 
the production of X-rays needs very 
high energy, it is strange bow these 
remnants which are almost like the 
garbage thrown off one's house 
could produce them. Since (hen 
many theories have come up. Before 
details of the theories are discussed, 
something about how a supernova 
explosion takes place needs mention. 
Sepemova cxplosloa 

How a supernova explosion takes 
place is a long story covering 
nearly 100.000 yeara to 100 million 
years—from the birth of a star 
to its doom, when It becomes a 
supernova. 

A star is bom when particles in a 
nebulae are gravitationally attracted 
to coalesce, and the process continues. 
As the matter goes on piling on the 
surface of the newborn star, two 
forces come into play and on these 
two forces only depends the evolu¬ 
tionary path the star would take. 
Gravity is one of the forces. 
With the onfall of mass Che gravity 
becomes strong and so compresses 
the star. But for the other force, 
which is io faa a result of compres¬ 
sion, the star would have collapsed 
in the ittiliat stages. C'ompression 


produces heat iniKk the star an 
starts a chain of tbemonuclear n 
actions. The phase is called flucle< 
synthesis. At a very high tempen 
tuin hydrogen, which is present i 
abundance, transmutes itself ini 
helium. The reaction being exothe 
mk, i.e., heat releasing, expanc 
the star, checking tbe collapse pre 
duced by gravity. As soon as theentii 
star transforms itself into hehui 
the reaction slops and, again, con 
pression by gravity begins. The ten 
perature pi^uced as a result rea^i 
high enough to transmute helium ii 
to carbon. Tbe reaction is exothe: 
mic, so, again tbe collapse is cbecke< 
In the similar manner carbon ge 
transmuted into heavier eletnent 
Henceforth, the fate of the star bani 
on its mass. If its mass is less tbs 
that of the sun, it would slowly evoh 
and become a white dwarf ultimate) 
—a star having an incompressibi 
core composed of tightly-packed elei 
Irons. On the other hand, if tbe tnai 
of the star is several times that of U 
sun, tbe huge amount of beat produi 
ed as a result of tranimutatioc 
would evolve it speedily, and lea 
violently to a supernova explosioi 
It throNVs away about 90 per cer 
of its mass in tbe surrounding ir 
terstellar space. 

Whatever remains of tbe star ai 
mostly heavier elements. Because c 
the compression produced as a resul 
of gravity, the inside of the star start 
getting hotter. The subsequent trans 
motations take place. However, a 
the reactions are endothermic, I.e. 
beat absorbing, a cooling eifec 
is also produced. Moreoverj tber 
remains no force to arrest the gravita 
tional collapse. Depending upoi 
tbe mass, the star either continues t< 
live as a small normal star or a neu 
tron star or a bladk hde. In either o 
the latter cases, the core of t&e stai 
is compressed into a superdeosi 
state where electrons and protons at 
longer remain as individiMl eoti 
ties; tbe entire marter beeonses com 
posed of neutrosi. and the star ii 
called a neutron star. Jt has i 
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equ»l to that of atomic 
udeus, atKnit 10** gm/cc. If the 
eutron sur iacomparativetymauive. 

graviuiiofuil collapse continues 
KXorably» eventually forming a 
lack bole, nearly 20 km in diameter. 
it a black hole, the gravity is 
0 strong that it does not allow even 
gbt to escape. 

?rab Nebula 

That the astronomy can be divided 
ito two portions, <Hie the Crab 
lebula and the other the rest of 
le universe, as claimed by Ceoffray 
urbidge, a distinguished physicist, 
!ems aptly correct. The Crab 
lebula is a mystery to us, mostly 
ecause the energy it is radiating 
t a litantic scale is far higher 
lan released by any of the younger 
ipernova remnants. Addiucnally. 
radiates over a wide range of wave- 
ingths from radio waves through 
isible light to X-rayi. Structurally 
Iso, it is different from the younger 
nes. The sole reason attributed to 
il this is the presence of a singular 
owerhouse, a pulsar, in the nebula, 
jiactly how the pulsar interacts with 
ie nebula to produce all kinds of 
idiatlon in large amounts is not 
leaf. Some of the ideas that have 
een put forth, however, look cogent. 
The pulsar embedded in the ne* 
ula is a spinning neutron star 
^hkh has retained the angular 
lomentum of the non.ial pie-ex- 
loded star. Strong magiteiic field 
^hkh juts out of Its surface also 
pins with it. As electrons are 
jected by the pulsar, they traverse 
he magnetic hnes of force spiralling 
II along the way. In this manner 
lectrons get accelerated to felativis- 
ic speeds and radiate effusively 
•vtt a wide range of wavekngihs. 
"he radiation so emitted is called 
ynchrotron. The pulsar, it has been 
hserved, spins about once every 0.033 
BC<md and isgradually slowing down. 
I nearly 3.510 sec/revoluciott/day. 


Accordingly, the amount of energy 
it dissipates has been calculated. It 
has been foi nd to be equivalent to 
the energy lost by the entire Crab 
Nebula. This justifies the assump¬ 
tion that pulsar is tbe sole source 
of radiation. 

Had there been a small region 
about the pulsar radiating in tbe 
manner aforementioned, the above 
explanation would have sufficed. 
However. lhe.*e does seem to be some 
other processes involved as the entire 
supernova remnant, spanning an area 
of millions of square kilometers, 
emits synchrotron radiation. The 
energy from (he powerhouse, it seems, 
is being transmitted to every nook 
and comer of the nebula. What can 
be its mode of transportation? The 
answer b through magneiohydrodyn- 
amic shock waves; a kind of waves 
that travel along the magnetic lines 
of force through an electrically con¬ 
ducting fluid. The nebula, it b clai¬ 
med, coniains ionised gases and the 
shock waves art generated by the 
neutron star. Tbe shock waves, as 
they travel through the nebula, are 
damped by the gaseous material 
to extract energy. Having gained 
more energy, the already energy 
electrons and protons present in the 
nebula produce synchrotron radia¬ 
tion by spiralling through the exten¬ 
ded magnetic fields in the nebula. 

Thb theory, put forth by Aaron 
Bames of NASA and Jeffrey 
D. Sctrgle of Lick Observatory, 
holds good for radiatioti over all 
wavelengths, even X-rays. Althou^ 
very powerful telescopes to map the 
nebula, point-to-point, have )et to 
be built, a sutdy carried out by the 
lunar occulCation of the ncbuli has 
revealed some startling details. 
There b a spherical r^on in the 
nebula which generates and radiates 
X-rays, but whose centre ii displaced 
from the position of the pulsar by 
about 10 seconds of arc. Further, 
areas which emit higher energy X- 


rays coincide with the visible wb| 
present in (he nebula, It has bee 
analysed (hat these regions someho' 
further accelerate the high energ 
electrons emitted by the pulsar I 
emit not only high energy X-ray 
but also Visible light, 

Cassiopeia and Tycho's novae 

The^ two supernova remnant 
have similar structures in th 
radio spectrum, ''Knots'* - chaos o 
masses—have been seen in them 
In fact, in the initial stages whei 
Cos A was being studied astronomer 
were baffled by its behaviour. Tw 
types of component in the radio re 
gion of Cor A have latter been found 
one (hat always remains slaiionar 
and the other that moves very fast 
The latter becomes unrecognisable ii 
ita features within months I Thechao 
and turbulence these motions seen 
to suggest became clear when Slevei 
Gull of the University of Cambrldf 
gave a cogent explanation. He lau 
that some components were stopper 
due to their interaction with th 
interstellar matter. He etucidalei 
the "behind the scene" story a 
follows. 

When a supernova explosion lake 
place, it kicks off a dense shell o 
gas from the centre, the star. Th 
shell expands and iniericU with th 
low density interstellar ^s tha 
comes in iu path. As a result, th 
shell sweeps in the gas end becomei 
heavy. Consequently the speed will 
which it was kicked off graduallj 
decreases. Withiii a period ot 101 
years, it is estimated, it sweeps in m 
much mass as the original explosioi 
threw away. As the outer layer o 
the shell goes on mopping up mat 
it chan way. an empty apace, forth 
subsequent layers to travel throug] 
unhindered. So, the inner layer 
go on at their initial speeds am 
eventually strike the outer, slot 
moving layen in the back, craatiai 
shock waves and heating the inter 
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in cut if tbe ekctrooi M unftble to 
prodMce X>nyB»th0y can Kill ptoduee 
lower ea e rgy radio wave* by the 
same process. 

The old wpereova remoanU are 
thoio which are on the verge of 
oblivioa. Their materul hat been 
distributed over such a large space 
that it has deosity almost above 
that of interstellar space. That is 
why they are called extended radio 
sources as they emit radio waves. 
Only rteeQtly* due to the studies of 
Fredrick D. Seward and coUeagues 
of the University of Califomia, these 
extended sources have been found to 
be emitting X-rays alio. 

One of the oldest supernova rem¬ 
nants is Cyimu Loop, some 20«000 
yean old. Its diameter is more than 
1000 light-years. Although there is 
no trace of the material it had eject¬ 
ed, it emits X-rays scattered non- 
uoifonnly all over. According to 
Cordon P. Carmire, C.I.T., U.S.A., 
the reason for this is as follows: 
Whenever a shock wave encounters 
X-ray (Mtt coataar) eaatav) Mgs 4 t dense cloud, a thin, hot shell of gas 

stetlar gas ahead of the shell The upon the X-ray resolution techniques is produced. As ot«rved spcctro- 

sheU too geu heated up. and when so that the emiwion lines exhibited scopically. the velocity of the chock 
it encounters the gas ahead the by two psesai different icmpcralufes waves is low but it w enough to pro- 
entire intervening layen become could be resolved. X-rays from the cloud. So 

unstable, crack up to form filt- ^ the gas density is uniform 

menu which art observed as "knoU^ ^ or low. no X-reys are produced; or 

As the C« is also a strong X-ray It is known that as the outer shell if they ere, they are weak, 

source, efforts are on to look for any of a supernova expands it grabs mass Fuppi^ A is similar in nature. A 

features in this spectrum thatcorreUie from the interKellar space. At the comparison of its radio and X-ray 
with the knots observed in the radio end of its evolution, it sweeps up spectrum teUs that its bright X-ray 
spectrum Till now sstrofwmcrt have mass much larger than it had inilially regions do not coincide with those 
been unsuccessful in doing so for thrown off into space. The mass if bright radio. It is analysed that 
want of high resolution telescopes, ^thering aaturtily reduces the sheU’s the X-ray emission arises as a result 
However, a crude comparison bet- temperature. The temperature be- of interaction between an expamUng 
ween the X-ray and the radio map of hind the firu shock waves drops shock wave and an interstrtlar cloud. 
Cor A suggests that X-rays are gene- to less than 10 million degrees K In Wherever the shock waves and X-ray 
rated not by synchrotron proews, but such a stale, there is no doubt that region do not appear to coincide, the 
by two volumes of gases at differeot the temperature is not high enough temperature is not high enough 
temperatures. An empirical proof to produce X-itys. Nevertheless, it to produce X-rays. Still another 
for this assertion has been given by is possible that synchrotron process example of non-unifonn X-ray 
Alan N. Bunwr and coworken at pri^ucei H, for there may still be emission is the old supernova 
University of Wisconsin after study- some electrons trapped in the inter- remnant !C44S. As thpre are intense 
log the TVeho’s nova. Researches stdlar magnetic fields that were knou of filaments at the centre of 
are presently in progms to improve compressed by shock waves. And the supernova, it is believed that 
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ithdf (here U • dmie iotentellar 
oud in (hat region, or that region 
fti not loat miKh of (be explosive 
>rce of the aupemova. Why study 
•ny emission from supernova rem- 
ants? It is to kzkow about in- 
rrsteilir space. As the lupenova 
rmnants interact with iotentellar 
Mce over great distaocea from the 
iperaova, the X«raya produced 


High co«rsive 


C OERaViTY is ooe of the most 
important characteristici of 
ermanent magnets. It is defined as 
^measure of (^ ability of the magnet 
y retain its magnetic properties in 
dverae magnetic Helds. Magnets 
lade of steel have a coercive field 
alue of oeariy 250 oersteds, which 
sseotially means that magnetiation 
itensity in magnets of this type 
emaifls practically stable at oppos* 
ig magnetic fields c( the order of 
50 oersteds. Attempts have been 
sade since the early 20th century 
0 improve upon these coerdvity 
alues for permanent magnets. Alnh 
o type magnets developed in 
930*s had coercivity values of the 
irder of SOO-dOO oersteds. 

High coerdve force (HCF) magnets 
I the n#"*e given to a group of 
nagnets that have the ability to re- 
ain a useful level of mangetiation 
n deraagnetiaing. fields which are 
nuch larger and even a^iroach or 
sxcted the residual induction of the 
nagnets. Magnets of diis type in- 
dude the barium and strontium 
errites, pUtlnum<obalt alloy and the 
m earth cobalts of the composi- 
ion RCo. where R is ooe or a 
^mbination of (be nit earth ek-. 
nenis such as Sra> Pr, Nd. Ce and 
Y. The coerdve force values of 
ihis latter group are as high m 30;000 


would enable us to know its density 
and relative abundance of elements. 
The mysterious phenomena at play in 
the Crab Nebula and other objects 
could also be analysed The know¬ 
ledge gained, particularly about en¬ 
ergy productioo, may help us in 
solving the energy crisis on this 
planet. 

Diup M. Salwi 


force magnets 

oersteds. Fot making the magnets 
of this type after casting, the alloy 
is ground, pressed into the desired 
shape and densificd by sintering or 
high pressure. 

There has been a great interest in 
the study of HCF magnets because 
of the numerous uses they can 
be put to. The magnets used in 
loudspcaken, microphones, migne* 
troll, etc., usually operate at low 
values of the demigneiizing fields. 
However, sometimes it is necessary 
to alter the magnetic circuit for 
system maintenaoce in such a way 
that the magnet is exposed to deoiag- 
oetiang fields peaier than the normal 
operating fields. The reassembled 
device, therefore, has a lower operat¬ 
ing flux if the magwHs are fnade of 
steel or are of Alnico type materisU. 
An HCF manget installed in such a 
device will operate it at its full effi¬ 


ciency. HCF magnets ire also 
desirable in high power micro¬ 
wave devices which include a large 
variety of components used in radar 
and communication systems Their 
stable magnetiration increases the 
reliaMlity of permanent magnet ro¬ 
tating machines, increases the avail¬ 
able torque, and allows reduction in 
inertia through allowed rotor dimen¬ 
sion and mats reduction. They have 
also been used in battery-operaled 
wrist watches, magnet systems and 
motors used in atr and space craA. 

HCF magnets are highly favoured 
potential candidates for use in per¬ 
manent magnet suspension systems, 
for high speed ground transporta¬ 
tion systems are likely to come up in 
the near future. These systems are 
capable of providing speeds of the 
order of 480 kmph. Permanent mag¬ 
net bearings have a large scope o( 
ai^icttions and are much more 
desirable than conventional mechani¬ 
cal bearings in some systems. Many 
bearing-supported parts arc employ¬ 
ed, for example, in satellites, whkli 
are crucial to their mission and life. 
Permanent magnet bearings usinj 
KCF magnets, it is hoped, will dc 
away with the problems encounter 
ed in using mechanical bearings ant 
increase systems life time consider 
My. 

B.L. Aaoa; 
Deptt. of Physic 
A.R.S.D. CotleZi 
Nfw Mht-11007 


Climate and clothing 


T he condition of a cooniry or 
a pticc with r^rd to tem¬ 
perature, moisture, topognphy. 
vegetation, etc., b known as (he 
dimate of that paHicolar region. 


Men and animals living in differer 
climates adapt Ihcinsclvcs to tb 
climatic condiiioiw of the plao 
Man, being n\ol\W. moves from or 
ciimaic to anoth« i 1 htte are al* 


KTOm IfH 


m 


i: REPO (fi 


SCBNCE SPECTRUM 


MMoul diiaiM ia the of 

a l^ace. AdiptihUky of mi iad 
aoimali to diraetic chanfei it a pro* 
roquiiite to lead t conforUUe life. 
So A dimatologitt ttudiei the reltliotH 
ship bctwoeo the cUmAte Afid the 
humao hAbits. 

Oothiof, ooe of our inportAot 
needs, phys two n^jor rolsi. First, 
it protects the weerer from adverse 
eaviroomeatAl conditions; secondly, it 
eoveff the body. Obviously, (he first 
rok it more liinificant 
Gotbini interferes with the heat 
txchan|e or heat bAUnce between 
RkAD Aod his eavirounent. The beet 
CKchAope may be in the form of 
radiation, conductioo, convection or 
evaporation. All bodies radiate heet. 
The sun radiates energy in the form 
of short wAvee beeauie of its high 
tempertture of 6000 K. The earth 
lad other objects on the earth wbkb 
receive solar radiation reradiate it 
in the form of long waves btraiitf 
o( their low temperature. 

The radiation balance between man 
ind hu enviroament may be givea as: 

R-Ik Kh K^i [ l-a(V^*^0.«S)) 
where R—sidar radiation Rgcal/hr, 
Iit^normal solar iotcDiity, 

coefficient that varies with 
topographical characterietice 
aod posture. For example, 
the value for an individuai 
sitting his bade to the sun, 
in the desert, is 0.38d and 
while in forest it is 0.37P. 


Mdiatioo bakaee b e twee n mao aod 
his ewiifo mu eat Also, dothmg 
interferes with the peoetration of 
iooident short wave radiation; only 
5/{ of the total incident radiation 
penetrates throng a iiAfle<)othed 
layer. It is found that ligbt-oolored 
fabrics hive higher albedo {i^.. 
higher refiectivity) than dark<olored 
ones. So, it is advisable to wear 
U^t^cdored fattfks in summer 
in tropica] regions where the sun is 
very hot. 

In tbeir paper Chthinf fer deuft: 
A prglimtnary otftjjmmr cHh 
grta and khaki colored mi/orm /or 
desert, S. Kundu and K.V. Mani of 
the Defence Laboratory, Jodhpur, In 
1962, daimed thai from the aspects 
of thermal protection and camouflage 
against terrains of various shades, 
*kbaki* umform gives much better 
result than the * olive giteii'. 

QoUung provides a thermal iniula** 
tion over the body. The Innilative 
value of different layers of dothes 
IS additive. To elaborate this con* 
cept of thermal insulation, a unit 
known u *do* is used. A *do' unit 
is equivclent to the insulating value 
of a clothing layer which penniti 1 
kg cal/mV hr of heat flow with a 
temperature difference of 0.1S*C 
•aosi the dodung layer. Roaihly, 
one 'do* unit may cocrespond to the 
amount of intulatint provided by an 
ordinary wooUen suit. 

Using 'do* unit the heat oonduction 


Similariy, while standing in 
desert it is 0.306 and in 
forest it is 0.266, 
K^iAwdothing coefficieati 
vbereKtivl.O for semnnude indi* 

viduaL 

•0.5 for one dotbed tit 
1id>t summer dothes, 
Mmilariy, a ^.35 ita semi^nude, 

*0.32 for tight summer 
clothed individual 
V^wiod speed in oetm/sec. 
From the above expression, it ia 
iear that clothing interferes with the 


irom me body ts expressed as 

where H*nte of heat iou Kg ci 
cmi/hr 

ti and t« * skin and ambient tei 
peraturee in *C respe 
tivdy, 

U “ Thermal resistiviiy < 
ambient air and dothix 
whkh varies u the Ji 
verse square root < 
wind ipe^, 

Im 'do* unit 



"Ida not change clothes to suit 
new climate. / simply change to 
new climate to suit my dothes,'* 

Clothing clearly iotorferes with th 
loss of beat by conduction provide 
the air movement between the clotb 
ing layer aod the skin is eliminatec 
That is why it is a common a 
perieoce that two clothing layer 
give more warmth in winter. Tb 
air between the two layen is still an 
the body beat is conserved by eUmlnt 
ting beat loss by coovectlon. 

Another Important factor whiel 
contributes to beat balaacc betweai 
mas aod his eovironinent is 'evapon 
tioa', the proceu by which Uqui< 
water ts converted into water vepou 
causing • rapid cooUng of the bod> 

The rate of cooling by evaporatioi 
On the preseoce of dotbing) is deter 
mined by tbs humidity or vapou 
pressure and the resistance of lb 
clothisg asaembly. Evapmtionfroa 
the body lurfaoe can be cxpreusc 
as: 

where &*evi^mtiM loss froa 
body surface kg eai/aos^fhr 

Ks»*coastant (^proxiraalel) 

5) 

Pi aod F^*vapour pressurei at 
skin surface temperature and air 
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*7/ h tim9 scit/trisfs learn ia make 
weather adapt itse^ to our chthes'* 


tmpenUire rtipectively in mm of 
lercury. 

Mnd roi^resHtiviiy of «mbienl 
air and clothiag rtipcctively, 
W « proportional wetness of 
nk\a (vtriea from D.05 to 1.0). 

The introduction of dotbiog in* 
erfcm with the rate of cooling by 
rvaporation. It fint reduce* the wind 
fleet and Chen lessen* the evaporation 
OSS. The cloth absorbs reoiiture 
Voffi the skin and Che moisture from 
he cloth evaporates and deertases 
he doth umperature. No doubt, 
he cooling of the cloth will affect 
he body temperature but It is not u 
ffective as direct evapmtion from 
he ikia. 


Studies have been made to find 
out the iosulatifli value of 'diiTereat 
fabrics. It has been found that 
fabrics such as wool, fur and sooie 
types of cotton give an insulating 
value of 4 do uniu per 25 mm 
of thickness. It is observed Hut 
warmth of different degrees is felt 
with different fabrics of the same 
thickness. This difference is due to 
air movement through the fabrics. 
Cotton fabric is a good wiodbreaker 
in breezy conditions and provides 
better insulalioo than a woollen 
sweater. Woollen sweater would be a 
good insulator in still air. Effearve* 
ness of a clothing insulation decreases 
for smaller parts of the body. For 
smaller parts, like fingers and feet, 
higher insulation is required to ke^ 
them as warm as the other parts. 

It is of interest to a dimatologist 
to find out the clothing require¬ 
ments of a man in different seasons 
and in different climatk zones. Once 
the clothing requirements for diffe¬ 
rent climatic zones are known, it 
is easy to study the palaeoclimale 
(climate of a region in the past) 
of a climatic zone, provided the 
dotbiog habit that particular 
time is known. 

A.S.R.A.S. SAsrai 
CUmatdoiy Section 
Central Arid Zone Resear^ Institute 
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Rip current—swimmer’s enemy 

on beach 


\ NY flow of waur may geoeraJly 
be called a current and, de- 
eisdiag on force that generates 


them, we can group then as wind 
currents generated by the wind, 
geoetrophic ctirmts triggered by 


pressure gradient force, tidd curren 
generated by the gravitational foro 
etc. In addition to these group 
which may occur anywhere in a larg 
area of water body, there are certai 
currenu found only along the ae 
coasts in the break zone. Thet 
are the longshore currents and tJi 
rip currents generated by the occai 
waves when iney break near th' 
coasts. Among these two, the rij 
currents require special meniioi 
because they carry a lot of bead 
material towards the sea and an 
very dangerous to the swimmer 
on the beach. 

Rip currents are common aloni 
gently sloping sandy beaches. The) 
are very strong and flow toward! 
the sea away from the beach. Neai 
the coast they are very narrow an<j 
widen u (hey flow away from the 
shore. 1( may be obKrved that 
near the shore the width of the 
rip is about 15 to 30 metres and it 
attains a width of about 30 to 13C 
metres away from Ibe coast. These 
figures, however, are not typical 
because normally the rips are much 
narrower. The length of the rip 
currents varies depending \ipoo the 
in coming waves. For a given b fwch 
slope, the length lends to be shorts 
when the waves are small. 


The rips might be as long as 1,5 km 
to 3 km when the sea is relatively 
rou^. Regarding tbe speed of the 
rips there are few observatiooa, but 
they can attain a speed of about 2 
to 3 knots under certain conditions. 
Tbe speed decreases in the directloa 
of flow. More precisely, the mazi- 
mum velocity of tbe rip current 
inversely with the distance 
from tbe coast, and the half sridth 
iaereasca lioearly with the distioce. 
Tbe region, where there is as abrupt 
cKpaniion of the width of tbe rip 
current and a rapid decrease of the 
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ipeed. i» called a rip head. Beyond 
the rip bead, the current mUet with 
lurroundinat and loses its identicy. 
The rip currents normally flow per¬ 
pendicular to the shore line. But 
this need not always be the case. 
Many of them run obliquely across 
surf tone, and as the rips tend to 
turn away from the direction of 
approach of the waves, they may not 
always follow a straight course, 
rbere seems to be some sort of 
regularity in the spacing of the rips 
on the same stretch of a beach and 
they are generally noticed where the 
wave activity is less than in the 
M^bouring areas. 

Tbe mechanism by which the rips 
ire generated Is simple. When waves 
ueah. the wive energy Is releised on 
jeach. Depending upon the angle 
he wave crests make with tbe shwe- 
ine, the forces generated by this 
nergy can be resolved into two 
lirections—one perpendicular to the 
hore and the other along the shore. 


The perpendicular eorapooeot of 
the force is responsible for stirring up 
the beach material, while the along¬ 
shore component generates a current 
in the direction known as the along¬ 
shore current. Since the distribu¬ 


tion of wave heights along a lor 
stretch of coast is not uniform an 
the waves strike the cout with difle 
ent angles, there may be zones ( 
convergence and divergence of wav 
energy at different parts of tbe coai 
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and tbe kngshore cuirents may Aow 
in oppotiU diractioaa. These oppo~ 
•Italy flowiAi longtbM currents meet 
•i certain placei tMl at these 
places the two cuiMU merpe 
father aiKl flow aw ^ 

shore towards the rip currMts 


(R*.!). Though penarally the np 
eunents are fenerated in this way, it 
ia not always necessary that two 
longshore cantnU should meet to 
psutnxt a rip current. In ceriain 
cues, when the angle of approach 
of tbe wave is sufRnently acute, a 


strong longshore mrreiit wiU he 
generated and tht9 current may turn 
obliquely towards the sea to form 
a rip current. 

Rip current is the biggest enemy 
of a swiinmer in coastal waten. 
Most deaths by drowning In the sea 
occur as the victims are swept 
a way by the rips. A swimmer caught 
up in a rip is most likely to be carried 
■way. The human tendency in 
such situations is to try to swim 
against the current. As a result the 
swimmer ge(« exhausted and is 
drowned eventually. Once caught up 
in a rtp.it is advisable to swim across 
the current and> as the current is very 
narrow, one can be out of it soon. 
The tendency to choose a compara* 
lively calm region for swimming may 
also prove dangerous because, as 
mentioned earlier, the rips generally 
originate in calm regions. 

Rip currents play an important role 
in the beach processes such as beach 
erosion, accretion, etc. When waves 
break, a part of the energy released 
keeps a pan of the beach material 
in suspension and this suspended 
material is carried alongshore by the 
longshore currents. But it is the rip 
currents that carry such suspended 
material offshore resulting in a 
loss of material from the beach. It 
also forms a part of the circulation 
pattern in the breaker 2 one. 

The rip currents along a particu¬ 
lar beach can be demarcated either 
from field observations by throwing 
certain types of dyes or from theore¬ 
tical Studies like constructing vrave 
refraction diagrams. For a given 
beach the constancy of the areas of 
hp cuntnu depends on the direction 
of wave approach. As the direction 
of the predominant waves is not 
likely to vary much within a parti¬ 
cular season, the areas of rip currents 
glong a beach for different seasons 
can be demarcated with a certain 
amount of accuracy. It is. therefore, 
obvious that intensive studies on 
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the nature and fenesie of rip currenti 
will help eoDiidenbly Id detamJniaf 
the znovemetit of beach ledJmenti 
along a coaft and would ligaJficantly 
reduce the number of deatbt by 
drowning in the tea. 

Rip c m aatt along lailaa to$ats 

Information on rip eurrenii along 
Indian couiline is meagre at only 
a few attempts have been made so 
far to itudy them. The only study 
perhaps may be Ihe one carried out 
recently along the Goa coul where 
the rips were studied ealensively 
[Fig. 2). This 7,5 km long straight 
(trip of sandy beach includes the 
fanoui Calangute beach, one of the 
important tourist attractions in our 
:ountry. Frequent deaths by drown* 
ing in the area and erosion during 
DODioofl have created problems for 
he local authorities. Studies were, 
herefore, Initiated by the National 


Insticufe of Oceanogra^y, Ooa to 
uoderslaad the direction oi move¬ 
ment of beach material and the trees 
of rip currents dangerous to swimmers 
during fair weather (October-May) 
and monsoon (Juflo^Septamber). The 
study has revealed a number of areas 
of rip currenu along the beach. The 
areas of persbteni rips are shown 
io Fig. (2 a). 

In order to promote tourism. 
Government of India and the local 
authorities have recently framed a 
number of developmental program¬ 
mes to improve facilities for tourists 
OB our beaches. Nevertheless, 
information on rip currents is not 
available in respect of many of our 
beaches. It is hi^ time to give 
serious thought to this problem. 

M.K. Ahtony 
NatichtU Mstilute o/ 
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Eye-to-eve communication 


W E often describe eyes of others 
es soft. bard, cold or warm, 
^hat do these adjectives mean in 
elation to eye? Is it correct, as is 
^nunonly believed, that eyes can 
apress emotions? Ten yean ago. 
Professor Eckbard H. Hess of the 
Jnevenity of C!hictgo described that 
vhen viewing a pleasurable object, 
he viewer's pupils are dilated and the 
ize of pupils is related to his emo* 
ions and mental activity. Recently^ 
leas has been interested io the r^ 
kf pupil stse io ooa-verbal communh 
atiofi, i.e.. how emotions could be 
xpressed by changes in pupil size, 
lis findings {Sckntific America/i. 
November. 1^5) have revealed bow 
ome one's pupil size affects the 
ttitude and responses of the penon. 


who observes them, at an unconscious 
level. We all encounter many 
iDstances in our day to day Ufe: 
somebody who is confident while 
talking looks straight into your eyes 
and another, shy io nature, averts 
his eyes. 

PagUe: eyes wMowi 

Pupil acts to regulate the entrance 
of light rays* In darkoeu pupils d^ 
late to allow euou^ light to pass and 
focus on the pbotoecasitive layer, 
the retina. The reverse h^pens in 
light: the pupils contract to prevent 
excessive light from entering into the 
eye. PupUlometrics—the measure 
ment of changes in pupil liae m 
H ess has it, is a u^ul tod m 

the study dkanges in attitudes. 


He and his team used sophistkou 
instruments such as motion jMCtu 
cameras and electronic pupUlomet 
to measure pupil's sine. 

Hard, sell...eyce! 

In an experiment Hess showed tw 
photographs of a young attract!^ 
woman to a group of men and aske 
them to describe her. The pictun 
were identical except that la one tfa 
pupils were large and in the otbr 
small. The subjects, without notk 
ing the difference in pupil size, da 
cribed the photograph with Itrg 
pupils as “soft", “more faminine'* o 
“pretty". The picture with saa 
pupils wu described as "hard* 
"selfish" or "cold". 

An eye wuh preparation contaio 
I Dg atropine-^ pupi I dl lating chemi 
cal>-was in use in the United State 
until it was curbed by the U.S. Foo 
and Drug Administration. Evidenl 
ly, the enlarged pupils make eye 
more attractive. Why do we to 
children's eyes more loving, attrie 
tive or bri^t? It is because the 
have in addition to other phyiici 
characteristics larger pupils tha 
adults. 

FapU rize aad lez 

Large pupils in a wooum are m 
indication of her sexual ioclinatioa 
When viewing the larger pupils of i 
woman, a man'i pupils too dibl 
meaning a change in his responae U 
the female's attitude. 

A psych^ofist, Thomas M. $ 
Simms, at the University of Toroah 
studied the pupil responses of norma 
married men and woomo. Hu 
subjects were ^sown two ^otogr^ihi 
each of a man and a woman, om 
with small pupils and the other wttt 
Urge pupils. The researcher fount! 
some ititereetiog results: 

(i) the pupils of male 

vieiring woman's photo 
graphs with large pupils mn 
dil^ most. 
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(li) Ihe pupils of feoule luljjects their pupil aia by viewizkg tlw tion (I) cun be used in undenUndiAf 

vkwifii iQUi*s photogrtph pupils io a wooio'i Hotofruph, per* the idd-hase reactioos, oxidatioo* 
With dila t ed pupils were ba^ becaua e they no ap^ for redoctiM r^etion, metal-llgaad coo* 
liso dilated most this tigna] of seual iiitercet io wocnen. plex formation and nucle^hilic 

(ill) the responie to small pupils substitution reactions. In mctal- 

by the opposite sex was complex formation. ‘A* will 

ioiifnificanc: the pupUt in Any stimulus that releases a be a meui with vacant orbiuls and 
opposite sex were not much patten of behaviour is a **rdc«ser". ':B* will be a lipnd with i donor 
dilated. So, Hess wondered if large pupils in atom which has a pair of unshared 

(iv) The pupil respmues of men children did not act as a **rckaser*', electrons. 'A:B* thus will be a metal* 

to both the ^otofraphs of aloof with other facton such as their ligand complex, i.e., a coordination 

man were almost nit. But physical characteristka, to release compound. The nudeophiltc sub* 

women's pupil response to the caring response in adults. Janet stitutj on reactions can be easily under* 

large pupils in woman's B. Ashear of the Uoivenity of Cbka* stood if is considered to be a 
photographs wu typktl. go investipted the effect ^ her pupil nucleophile. Any species ionic, 

That Is. their pupils were siie on Infants. She found that alter molecular or free radical, which has 

contracted most than they artiffdally dilating her puptli with a donor atom having at least one 

did to the woman's photo* pbetiylphrine bydrodiloride she peir of unshared electrons is known 

graph with imill pupils. provoked more smile* in inraats of as Lewis bau, e.g.. H|0, OH*, P*, 
These ftndtnp have been supported 90 days to 105 days. Her result 1**. etc. Similarly Lewis acid is a 

i studies of other researchers as suggests that positive response in species which has an acceptor atom 

ell. Investipting homosexuals, infants to large pupils may be a part having vacant orbitals to accept 

immi found further evidence of tbe of infant's perceptual devdopmeol. electron pair. Thus Li*. Be**, 

>le of pupil lixe in sexual conmuni- i.e., devdopment of the ^lity to Mn**, Al***, [*. etc., are 

itiou. His findinp are that the perceive avironraeotal stimuli. Lewis acids Though the Lewis 

kale homosexuals have no effect on Zaka Imam concept has a wide scope of applies* 

■ bility, it hu some weaknesses as the 

idea is not directly applicable to tbe 
protonic Kids and moreover when 
a ^ question of relative strengths of 

Herd and soft acid and bases adds and bases comes, it fails to give 

quantitatively tbe relative itrength 
of acids and bases. 


3 EPdltE the AfrfaeiiM theory of 
eleetrc^ytk dlasodiflen came 
ito oistence the propertip of adds 
m known, via., tfa^ wan sour in 
IM* and pve effsrvciMM with 
irhooates. According to Arrhenim 
booty, adds are tbOKspeM wfakh 
inodate into hydropa ions, and 
latei, into hydroxyl ions. TM, 
.owry (EngUnd) ai^ J.K. BraWed 
Denmark) pve protonic **f*"^*^* 
<hjch were not limited to any 
Mdium. Aococdiag to thM» « 
dd b a ippiet that tan* 10 |ha up 
proton, and a bate li a ipidm tet 

ends to aecept a propn. 

The Amdrktn tdePbl OM Lavb, 
) 1925, extended the Idea ef add- 
aaa raaodons aid pabli rt ed yec 


another ui lert&s of dona* 

Ckm and Kt^ta nce of a pair of 
electrotti. Lewis cooc^ definca an 
ndd u a unit ttuti k capable of 
accepting a pur of dectroos and a 
base as a unit whidi is capaUe of 
donating n pair of ekctrooi. A 
geoeral ecid^base reaction is 
A + :B - A:B .. (1) 

*A'k an Kid and *:B* k n ham i^kh 
has at kut oae ptk of mahared 
electrons For example, in Che 
iook KKtioft 

H* + OH*- BMW .. (2) 
k e^aUa ef aeoaptiog a pair 
of deoroo* and OB~haa oaedeceroo 
pair to donate, the Mhatiation eu 
he explained IB terms of the fomation 
of a oovBleatbead the eqna- 


lo 1963, Ralph 0. Pearson (Illinloi, 
U.S.A.) proposed a new concept 
wfaidi is known as Hard and Soft 
Add and Base concept* (HSAB in 
short). According to Pearson, all 
Lewk adds tod all Lewk bases cm 
be dassifled into two eatngorieb*- 
hard and soft Soft adds are dioK 
which have acceptor atMks lirp in 
size, of low positive cfaarp and con¬ 
taining unshared pair of etectroni 
(p or d doctroos) m their valence 
ih dL Le., diey have high pokruability 
and low dedrooegativity. Pdaria- 
biU^ ii a mceiufc of ease with which 
an itmi cm accept or share tike 
eiectrona. According to Peanon* 
thk property can be used as a mnaiure 
of loftKcs of adds or baaes. Hard 
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iddi are thoec in which acceptor 
itoiu are imall in lize, of high 
ekctroaeiaUvity tad low polafiza- 
Willy. Cu*+, A|*, Att+, I+, etc., 
are loft iddt and U*, Be^^, 
etc., are hard adda. 
Similarly, a hard bate Is ooe which 
baa donor atoms of high electro- 
neiativity and low polarizability. 
A soft bate ii of low electroMfi* 
tivity and of bi^ poUnzaWlity. 
For example F", CH^OO“, PO*" “* 
Cl**, etc., are hard bases and I-*, 
S|0|“", CN-. CO, etc., are aoft 
btict. Hard base Is bard to oxiditt 
arwl soft base it easy to oxidize. 
Hard bases hold on their electrcma 
tightly and soft bases bold their 
valence electrons loosely. 

The principle cm whkh the add- 
base reactions can be diacmsed is 
that "Hard acids prefer to coordinate 
with hard bases and soft adds prefer 
to coordinate with toA bases.** It 
his been found experimentally that 
loA adds combine with soft bases 
and bard adds with hard bases. This 
is known as principle of *Hard 
ind soft acids and bases.* 

Several iheoriei have been put 
forward to explain the fact that the 
coordination compounds of soft adds 
ind soft bases are most stable. Elec¬ 
tronic theory says that bonding of tbe 
liard acid and base complexes is ionk 
while the bonding of soft«soft com* 
flexes iscovakot. I Chatt’s (En^nd) 
^•bonding theory can be applied to 
utplain the bonding between tbe soft* 
loTt complexes. According to this 
iieory. the soft acids have loosely 
Kid outer <^orbitals dectrons which 
an form pi-bonds by donating to 
uhable ligand. Such fipnds are 
hose in which empty d*ortHtaJs are 
ivailabte on the baste atom, «.g., p, 
Ki, S, I, etc. K.S. Piizer's (U.S.A.) 
beory of Umdon and Van dcr Waal 
oim explains that the forces between 
he intencting soft-soft groups 
lepend upon the product of polari- 
ibilifies of ihe imeracting groups 


Both soft adds and soft baietf have 
larp vahiet of poUrizabiHcks. 

The HSAB prindple finds ap^ka- 
bilityio various d^Dains ofdMBical 
reactions. Tbe simpleet reaction 
that can be explained on thie new 
coooept is 

UI + aF-UF + Csl 
This ii an ezothermie reaction with 
33.0 K.cai/mole heat of reaction. 
Here (he soft iodide ion prefers to 
combine with the soft caesium ion. 
Tbe hard fluoride km cotnbiAes with 
hard lithium ion. Many other lim^ 
as well as complex reactions may be 
studied on the basis of HSAB concept. 

In tranaitioD metal complexes, C. 
K. forgensen (U.SA) reported the 
grouping of soft bases and that of 
hard bases together oo a given add. 
Tbe combinations such as CO 
(CN)| I--- and CO(NH*)P^ are 


common. la the first cese soft Ch 
and I'ligands grot^ together and I 
tbe latter Comdex both NK| as 
F are hard ligands. 

For heterogeneous catalyiii, HI 
AB prindi^ says that soft meta 
adsorb soft bases. For soJubUit; 
tbe rule is that hard solutes dissob 
in hard solvents and soft sWutei di 
solve In soft i^veots. Many organ 
reactions may alio be eoasiderc 
in terns of HSAB concept P< 
example: 

CHgOH + HB - CH|B + H, 
where B** ii a base. Sim^ alk 
carboniuffi ion is much softer ad 
than the proton. 


R.S. Lj 

ledurer. Otmistry Dtpi 
St. Andrews CoU^i 
GorMtpi 


Perception in plants—fact or fallacy 


I T is hard to visuaHze the limits of 
man's thinking capacity so much 
10 that his intiotion today tells of 
emotions in plants too. Yes, pUots 
feel and perceive! 

Plants are among tbe Wdest 
inhabttants of this planet They aloiK 
carry all the share of man's indebted* 
ness, if be thinks (hat he is at Ok 
lummil of the dvilized. He has 
been learning how best to utilize tim 
ptant kingdom for his benefits. In 
every moment of happiness aod joy, 
he does not forget the use ^ F^aot 
parts. A fausbeiid is never tlr^ of 
presenting a Bower bouquet to his 
wife till her last breath. Even on 
death bed, the corpse is tcenled with 
wreaths of fragrant flowers. Truly, 
as Peter Tomkins and Christoph^ 
Bird fed, "....there is nothing 

M 


lovdier on tbe earth than a flowe 
nor more essential than a ^ant H 
true martrix of human life b (be grei 
sward covering Ihe motba earth*' 
At the first hutaoce, plant percq 


tlon appears to, be an ioefficadou 
worthless idea, muept in some plair 
visibly leuttive to touch. Tods 
the question b t moot one open t 
arguments, both for and tpio 
it la one of the recent meetings < 
the Afoerkan Aasodatioo for tb 
Advancement of Sdenoe, reports tb 
ff$w York Tfmu, Oeve Backster, 
cd^atad and foremost America 


protagonist of emotions in plant 
vociferated for sentnoenb of plant 
He wai rebntted, as tbe paiidbts i 
tbe meeting were not convinced of it 
depth and ttOlegrity of his obeervttioi 
that plante have emotional reectiot 
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*'0o thi pknfs tike cliusitai music 
lefitm masieT' 

0 evenU around them. More ofien 
hfto not» such persons who aJways 
>ear a sympathetic corner for plants 
re rebuked, laughed at and locked 
lown upon as making baieless argu* 
sents in academic spheres. 

There is some reason, if not much. 
% believing that plants feel, as is 
proclaimed b) quite a few workers 
oday. It is thaumaturgk to rdy 
pon such ratiocinations and pro- 
lamations that plants emote and 
bat plants perceive. Although how 
uch a phenomenon is possible is a 
hallenging issue, there are a few 
xpehments which approve this kind 
pf a statement 

Six decades ago, Sir Jagdish 
Chandra Bose performed some 
aperimenu which revealed to the 
[uonim of sdontidc pUery that 
here were no absdute boundaries 
pctweeu the twp, the UviOf and the 
kOn^living. There is enough reason 
0 ascribe to plants a life that is 
imilar to that of man or animal, 
rhh is not a spoculatfoo but a reve* 
ktion based upon certain very rdi* 
.Ue scientifle investigations. 


Con^quent to hearing Bose's 
lecture, French Philosopher, Henri 
Bergson, said 'The dumb plants had 
by Bose's marvellous inventions been 
rendered the most eloquent witnesses 
of their hitherto unexpressed life 
history. Nature has at last been 
forced to yield her most jealously 
guarded secrets*'. 

To quote from TV Secret tJ/e 
of Plants (Peter Tompkins & 
Christopher Bird, 1973.) Le Martin 
staled. "After this di8fc.overy we begin 
to have misgivings, when we strike a 
woman with a blossom, which of 
them suffers more, the woman or the 
flowerT’ 

An instrument that finds an 
important use in such ‘phytopsycho* 
logical* studies is the polygraph, 
popularly known as the lie-detecior. 
Variations in the bodily furKtlons. 
which arise as s result of man's 
inborn fear of getting caught when 
doing a wrong thing such as telling • 
lie. are detected by a polygraph. One 
of the factors It measures Is the 
'galvanic skin response’ (gsr). The 
electrodes of the instrument are 
connected to the skin of the person 
who is to be examined for either 
telling a he or 6 truth. A small 
amount of current is passed through 
them. The instrument draws a 
graph of subsequent changes in the 
gsr which may be due, for instance, 
to sudden perspiration of the person 
as one might do when telling a lie. 

Cleve Backster. an American, is 
one of the pioneers in the expert 
use of polygraph for these purposes. 
He observed how Philodendron, 
a cactus, recorded unusual signals 
when a lady lied about her date of 
birth. She was asked to speak 
out a few years nooe of which were 

of her birth. Whenever she spoke 
out these the polygraph showed 
unusual signals which were all 
reflections of the Philodendron. 
But when she told the true year of 
her birth the polygraph showed usual 


signals. Founded on such observi 
lions, Backster strongly canvasse 
for feelings In ^anls. Aristid 
Ewer, a psychiatrist at Rocklan^ 
State Hospital, New York, Thoma 
Eller, a physicist and I>ougla 
Dean, a chemist also carried ou 
some experiments in whKh a Philo 
dendron reacted to its owner's falsi 
Matements ns if a polygraph wai 
attached to the person herself. 

Employing the polygraph, Back* 
sier recorded how instanuneou! 
the plant perception was in response 
to his sudden idea of burning a leal 
of the plant. He was trying tc 
study ihe water*rise from the rool 
to the leaf. He wished to examine 
the effect of burning a leaf on watet 
rise in the plant. The moment he 
thought of burning the leaf, poly* 
graph showed a prolonged suing 
in the tracing pattern. Thus, plants 
cannot only feel hut read man's mind 
toot Backster observed that plants 
get so much used to their owners 
that they can respond to the owner's 
anxiety over distances as large as 
MOD km* 

li is believed that Backster's 
observations or» polygraph are not 
due to plants’ emotions but due to 
static electricity around the expert* 
menter. If that i% so. the 'phyto* 
philic' and 'phytophobic* persons 
must have qualitatively differenl 
static electricities. But then, how 
can the static electricity of a person 
be responsible for Ihe plumpy and 
chubby tomatoes which grew from 
an 8verage*siaed tomatoes expe¬ 
riencing a soothing music through 
headphones? A lot more needs 
clarification. 

'Talk*' wkh glHtt 

‘ir I talk to my plants I don't 
know why. but it seems to make 
a difference when you let them know 
you like them." It ii hard to believe 
such real conversttiont. Some 
peraoiia have been overheard ol 
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pologiang lo pUnIs aAer they 
ad retd of perceptions in plants, 
arlier the same persons always were 
anoyed at the undesired growth of 
\t plants. 

At the Biological Cybernetics Lab- 
ratory of Leningrad Astrophysics 
;esearch Institute, an instrument 
hich helps "'talk'' with plants hu 
een devised. The instrument, an 
ulomaUc self-recording potentio- 
leter. switches on* lutornaUc water* 
ig installation after it is ''inform- 
i'* of a plant being thirsty. 

Similar experiments conducted 
i beans, sunflower, cucumber, etc., 
tow that vital activities of the 
lant are subordinate to daily rhy* 
ims. During day the plants feel 
thirst'* and so "drink" water every 
5*20 minutes. At night, the self* 
atering operations take place 
nee in 1.5 hours, sometiines even 
p to once in five hours. The 
rinciple of watering can also be 
dapted to regulate the environ- 
lenul conditions of light, tempera* 
ire. etc., at the discretion of the 
lants. This holds a tremendous 
otential for automation of agrkul- 
iral production. 

A Russian psychologist, V.M. 
usbkin and bis team of workers 
elieve that flowers may Teel* fear, 
yy, pain and such other human 
motions, in their eaperimeota 
uman emotions were twitched on 
If off hypnotically. An encepfulo- 
raph was attach^ to the band of 
. person and to the leaf a plant 
little away. Hypnotized person 
/as told of happy or unha^ty things 

/hkh would arouse in him joy or 

orrow respectivdy. The instruimt 
ecorded similar emotions in the 
'lant. 

Rev. Franklin Loeflr reported the 
xperimenls of Reiigious Research 


Foundation (Maaiachusietu) oa aeeds 
and ivy pUnu. Pnytr and love, it 
is said, promoted seed gennination 
and plant growth. It is no su^ 
prise if Dr A. Lord and his 
in Drexel Uoivenity, U.S.A. voci* 
ferate for not '*what one has U> tMy 
to the plant but for how to say it." 

laladfa 

In our country too, some work has 
been done in this direction. It is 
disheartening to note that a similar 
work done in India did not re¬ 
ceive as much importance as did the 
information coming from a foreign 
country. It a very pertinent to 
repeat the name of Sir J.C. Boae who 
was convinced of plants possessing 
t heart but could not make others 
bdieve it. So he was ridiculed. 
Later, when Sir Michael Foster. 
Secretary of the Royal Society, 
visited his laboratory in Calcutta be 
was struck with wonder and invited 
him to share his observations with 
the members of Royal Society. 
Bose's riews met with unanimous 
approval and unquestioned acoe^ 
tance from the audience of the Royal 
Society. He found that cairota, 
turnips and horse<bestnut leaves* 
suffered .'Mows* much the tame way 
as the metals tod the musdes. He 
could anaesthetize a pine tree using 
chlon^orm. uproot, and successfully 
transplant it 

Indians are reported to be the 
first to produce significant effects on 
Mants with music. In 1962, Dr 
T.C. Singh of Annamalai University 
in Tamil Nadu reported plants res¬ 
ponding to musk. Excited at such 
results. 0.& Smith in Illinois conduc¬ 
ted an experinieni to show that 
soybeans and maize when treated 
wHh nuisic grew better than those 
without musk. Tansen. it is said, 
could miraculously sing to induce 
flowering. There is an old saying 


that the plants poor forth the 
sweet smell into tim air when joyoii 
girls chat and laugh, littiog, standio 
or playing around them. 

There can be no dispute abot 
plants constituting a large part < 
the ruiture. Many poets and writei 
lived their lives penetrating iot 
nature, undentanding it and shariti 
their knowledge with many other 
If there are some beautiful gardet 
with pleuing hue and penetracin 
fragrance of plants, they are due t 
incessant atiention paid to them, an 
certainly not out of negligence. 1 
is also due to their adorable respoot 
to man's sdentific and bioaestheti 
plan. But, is that all? 

If plants really feel and emote, d 
they also feel that they live for other 
and not for themselves alone? Aren' 
they, the crop plants in parliculai 
aware that immediately after th 
grains and fruits are full, they woul 
be uprooted, often mercilessly? 

The ancient scriptures speak a Ic 
about the nobility of the plant 
wbkh always live for others. / 
good, round, red apple will not remai 
on the tree for Jong, nor even ai 
attractive sweet rose. Do the plant 
know it? Do the plants expec 
something in return from aninuls 
How does a plant behave on a poly 
graph when a delicious ripe mang( 
is gratefully i^ucked or when a d,g 
nitary affectionatdy detaches i 
button rose to adorn his coat colla 
or when a beau goes round a gardei 
(bucking various flowers to construe 
a targe bouquet to offer to his belle? 

Is man's contentment with i^ants tlu 
happy state of the plants too? Hov 
would the female parent respond U 
an alien poUeo on its flower? These 
are certain questions that require i 
very deep insight, and man must have 
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broad miad to accept such facts 
oth faith. 




Such a work is being done only at 
few places. The truth of plant 
crceptiOQ does oot seem to have 
the gusto for pui-poses of 
mployi&i such knowledge no solving 
ur problmu eoncemed with plants, 
sch as lush growth of the j^laot and 
proportionately large yield, if the 
lints can respond to good music 
it to be seen whether a loudipeiker 
iviog some good music increases 
w yield in an areaf At present 
is impossible to say which music 


does the best—western or Indian, 
classical or light. 

A passive perceiver's response to 
retrospective evenu could be a very 
safe assertion that plants too possess 
a nature basic to man and other 
animals. The whole ilieor>' may 
have a bright prospect in regard to 
maintaining a ratio between the 
number of the hungry mouths increa* 
sing unproportionaiely. and the 
amount of fc^ available. 


D. OODVtLASA SaSTII 
Department of Botany 
Vm'*rfSi/y of Delhi 
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Of immunoglobulins 


\ NTIBODY molecules show a 
remarkably high degree of 
peciticity in their reaction with the 
articular kind of antigen molecule 
liat elicited their production. Since 
te number of antigens is enomous, 
le number of disiinguishably differ 
mt antibody molecules that an 
ntnal can produce must also be 
Mtespondingly large. A reasonable 
uesa is that at least ID* kinds of 
nti bodies can be generated in an 
ninul. but the upper limit is not 
sown. It is this unique feature of 
mitless 'liotypea*' of immunoglo* 
ulins that differentiates them from 
U other known proteins which do 
ot exhibit such variation within a 
pedes. Therefore it will be interest- 
)g to know their structure. 

Serum antibodies are ^coproteins. 
ewencally denominated as immuno- 
lobulins. Although much progress 
aa been made in analysing experi- 
Mntally iuduced aotibA'i' the 
KnKture of inunua^obul. hu 


which provide homogenous material 
in quantities required for structural 
analysis. It is now widely accepted 
that serum antibodies and myeloma 
proteins are closely refaied molecules. 
The readers may refer to Immurtogh^ 
bulins by Prof, S. Ramakrishnan 
(5.R ,Oct.. 1972) to know the nature, 
origin and the defensive role of 
antibodies during infection. The 
present article gives a detailed piclure 
of the structure of immunoglobulin 
molecules. 

Proteins consist largely or entirely 
of cbaiDS of amino acids united in 


peptide linkage. Tlie amino grou 
(-NHt) and the carboxylic (~COOV 
group of the amino acj^ are involve 
in the peptide bond while the remaiii 
ing side chains of the amino aci 
residues are involved in maintamin 
the three-dimensional structure c 
the protein molecule. The maje 
class of immunoglobulin found i 
human blood is 1g G. It consists c 
two heavy <H) chains and two ligli 
<L) Chaim. The heavy chain is twic 
as long u the light chain with abou 
44S amino acid residues and a mole 
eular weight of SS.OOO. The Ugh 
chain has about 215 amino acid 
with I molecular weight of 22,OCX 
The light chain is attached to th' 
heavy chain by a disulphide bridg 
(-S-S-) by haJf-cystinyl residue 
at its carboxyl cerminal end. Ar 
other disulphide bridge links bot 
the heavy chains of an Tg G molecul 
almost near the centre of the chai 
and this is called the "hinge'* regior 
which gives some sort of flexibilit 
to the molecule. There are tw 
intra-chain disulphide bonds in eac 
light chain and four in each heav 
chain. Each disulphide loop cor 
tains about 60 amino acids. A Cry]9 
tophan and/or phenylalanine residu 
is invariably seen close to the infra 
chain disulphide bond. 

Much of the polypeptide chain cai 
be followed from one end to th 
other in the electron density maj 
obtained by X-ray crystal I ograph 
of (he protein without using an, 
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mino tcid sequence. But in some 
efioni of the m«p U is difRcuU 
0 distinguish between main chain and 
losely*packed side chains without 
equence data. The inner regions 
if the molecule consist of packed 
lydrophobic side chains while the 
lydrophilic groups are exposed cut- 
ide. 

The comparison of (he amino Kid 
equences of internal segments of 
he heavy and light chains has led to 
he recognition of '"homology*’ rt- 
ions, atout 110 amino acids long. 
Kh containing one disulphide loop, 
'be first 110 amino adds from the 
mino terminal end of the light and 
eavy chains constitute the '"vanable" 
egion (Vl and Vh) which combines 
^ith the molecules of the foreign 
latter. Tbe remaining portion of 
he chains is called "'constant" 
egion. the tight chain having 
nly one constant region (C^) and 
he heavy chain having three 
onstant regions (Cnit Cm and Cm) 
<hich resemble eKh other in 
heir buic folding and amino acid 
equence. The constant region is 
haractehstlc for a given sub<lass of 
. nnd H chains. The carbohydrate 


moiety is attached to an asparagine 
or aspartic add residue la Cut 
region (Fig.l). 

There are two kinds of residue in 
the variable regions, those making 
direct contact with the antigen and 
those which are involved only in 
the three-dimensional folding. The 
latter would be expected to have less 
stringent requirements than the com¬ 
plementarity-detarminiog residues. 
This distinction led to the sequences 
of short stretches of very high varia¬ 
bility. Three such " hypervariable*’ 
stretches have been indeotified so 
far. St is striking that the differences 
in the chain length seen in myeloma 
proteins ve mostly confined to these 
short stretches only. The patterns 
of insertions and/or deletions of short 
peptide units are characteristic of the 
dimensions of the active site and also 
(he chemical environment of the site. 
The insertion of short stretdies would 
be done by some cpisomal or ocher 
insertion mechanisms under Che in¬ 
fluence of antigen, if antibody-form¬ 
ing cells are multipolent; or individual 
sequences might be distributed to 
immunoglobulin-forming cells dur¬ 
ing dilfercAtiation. if the capacity of 

aie 


individual cells to synthesise ant 
body is restricted. 

Tbe antibody active sites preset 
in the variable region are considere 
to have a three-dimensional struclut 
which fits io complementary fashio 
to tbe antigenic determinant. Tli 
active site of Ig G consists of a shallo' 
depression of 15x6x6 si 2 i 
The structure of a phosphoryl choJir 
binding myeloma protein has bee 
thoroughly studied. The two res 
duet found in close proximity t 
the phosphoryl chi^ioe at (he acti^ 
site are tyrosine 33 and argiiiine 5i 
both of which are apparently hydn 
gen bonded to the oxygen atom < 
the phosphate moiety. Lysine (5^ 
it also in close proximity to (li 
phosphate group and would help t 
neutralize the negative charge i 
this portion of the phosphoryl ch( 
line molecule. 

in the different isoiypes of immum 
globulins studied, about ten glycin 
residues appear to be invariant i 
the variable region of each chaii 
The invariant glycines were importati 
in contributing to the flexibility neeti 
ed by the variable region to accomme 
date numerous substitutions at th 
variable positions. As a result c 
the absence of side chain, glycin 
can have many sterically ailowabl 
configurations. This unique pro 
petty of gtydne may permit relativ 
motion of the chains attached to th 
two ends of (he glycine residue. 1 
may also allow movement of th 
site to make most favourable coo 
tact in combining with an antigen!' 
determinant. 

^Dce the L and H chains e 
immunoglobulin molecules contaii 
homolugous regions of 110 ami&i 
acids long, it is suggested that the 
have arisen from a common aocestra 
gene wfaidi codes for a polypeptid 
chain of \ 10 amino adds long. Thi 
gene on duplication gave rise to th 
gene for primitive li^t chain whid 
oa further du^i^tion resulted ii 
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heavy cfaeio primitive |eoe. llieie 
toa for L and H dmios 
uriog the course of evolutiMi 
tve beeo raodihed to ^oduce 
te differeot classes of 
nmunoglobulins (Fi|.2). The diffe- 
ini cytochrome proteiiis, chymctryp- 
nogen and trypsinogen and haemo- 
lobiD 4od myogiobiD are said to 


have originated from their te^acdve 
common ancestor genes like the 
L and H chains of the immuno* 
globulins. 


M. Myatiuoasam 
dioHiemisiry iVprr., ^.<7. Ifuu. cf 
Med. E4ueotioti d 
Chmditarh-lMiOll 


Synthetic food additives as a 
source of calories 


F ood additives may be defined as 
any substance added to a food 
) give it a desired property. Accord- 
ig to (he Food and Agricultural 
organization (FAO) an additive is a 
on«nutrjtive substance added in ten- 
onally to food, generally in small 
uanriries» to improve its appearance, 
avour, texture or storage properties, 
here are two types of additives, 
iturally occurring, e.g., salt, acetk 
:id and vitamin C, and synthetic 
ibstances such as, antioxidnU to 
revent fat degradation, emulsi- 
ers, preservatives as well as- sub- 
ances conferring special physical 
roperties on foods, e.g.r keeping 
sem moist, prevention ^ staling, 
le anticaking. 

Synthetic sources of dietary calo* 
es are not only of great Intenst 
9 potential food mervoiri for an 
(panding world population, but also 
ffer a new conc ep t of the role of 
irnthetk food addidm in human 
nd asumal nutrition. CbemieaUy 
imtbesized compounds can satisfy 
it body needs of energy and there* 
vt have an important project as 
ietary supplement in addition to 
fteir conventional rde of food 
ddhive. 

Experimental approach baaed on 
rnthetic loufce of energy appears 
sasMe, tioee body Mi do not liave 


epedfk structure to be oxidised to 
utilisable energy. The search for 
synthetic sources of dietary calories 
was initiated in )95S at the Massa¬ 


chusetts Institute of Technology, 
U.S.A.. to provide man on long 
space flights adequate nutrition from 
natural or synthetic food containing 
the smallest possible weight and 
volume^ 

Of the many known compounds 
screened, which were not common 
dietary components but had the 
potential of supplying metabolic 
energy. l,3*butyleoe ^ycol <1,3- 
boianediol) was selected as the most 
proBiitiog ''high energy*' metabolite 
and was subfeded to intensive study. 
Since then various upects d* the use 
of 1.3-butaDediol (BD) In human 
and animal nutrition were studied 


and the findings were discussed in a 
'Symposium of the Am^ican Institute 
of Nutrition at Atlantic Ci^^, New 
Jersey in 1974. 

l.J-butaaediol in the cner form is 


viddy distributed in nature with 
uimitic. cdeic, liooldc and steark 


acid in very small anoonts. The 


ooopoiiQd occurs ra com oil. sheep 


tat and rat bver. Thus the ooeur- 


rtiKe of L^J-butaacdioleMm in plant 
and animal Ule, where they may be 
expected to have tome bioiogical role, 
makes the iotroductioo of this eom- 
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pound into our *'ecology < 0 Qsdou 8 ' 
society less dangerous, ft ii 
wdl-known that toxic compound 
do ocmr in foods and that “naturar 
does not necessarily mean safe unda 
all conditions. The BD has a vtr) 
low acute oral toxicity as indicated b} 
a LDm of 22-29 ^kg. Relative ion| 
term studies od rati and dog 
show that l.^butanediol is a rathei 
innocuous compound of low chroni( 
toxicity. Multi generation reproduc 
lion studies in rats have revealed nc 
significant adverse effects. Th< 
compound also does not cause an) 
mutation. 

It has been shown that after ar 
adaptation period of atleast one week, 
the compound had a calorific valui 
of 6 kilocalones/gram. Feeding ai 
various levels for u long as 30 week: 
showed that rats were able to toleratt 
up to 20% of the diet, without i 
decrease in foc»d efficiency. Highei 
levels resulted in an iinpairm.:nt ol 
growth and food utilization. Nulri 
tional and metabolic studies i: 
humans with BD reveal that iso»lorh 
(equivalent calorie level) substilutior 
of BD for starch in the diet of volun 
teen caused less negative nitroger 
balance. Thus, it wu shown to b* 
a DOfi-toxic metabolite provilini 
a source of calories for humai 
nutrition. 

It became apparent from the worl 
of Dr. Myron A. MehJmin and hi 
group of the piviiion of Toxicology 
Bureau of Foods, Federal Dru, 
Administration, Washinglon D.C. 
that administration of BD to rat 
resulu in a rapid devation of keton 
bodies (acetoaoetic add, g-hydroxy 
butyric add and acetoae) cooceo 
tration in blood, urine and tissues 
Id liver dkea BD is met^iolixo 
almost qnantitatrvdy to acetoacetai 
and H^droxybutyrate. Oxidatio 
of primary alcohol such as BD to 
carboxylic add ts believed to occu 
via cytopUamio alcohol dehydrogt 
ntse. Dr. Dale R. Romios and hi 
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^owdrkers of the Department of 
*ood. Science an<i Human Nutrition, 
Michigan State University have 
ihown (hat BD causes an overall 
lccrea<;e in the rate of fauy add 
lynthesis in rat liver {J. Nu(r„ 105, 
I61-170. 1975). It has also been 
ihown (hat BD decreases (heglucose 
^ntentration in blood and increases 
he insulin content of pancreas, thus 
:ausing slight amelioration of the 
liabelie condition. 

The idea of using l,3‘butanediol as 
i synthetic source of calories in 
:aille diets is even more recent than 
he idea of using BD in human diet, 
n'trials with lactating cows, milk fat 
Mtfcentage and total fat production 
vere higher for cows fed BO than for 
ontrols. In trials where growing 
rattle were fed 4% BD. rates of gain 
ind feed efficiency were improved, 
rhus BD can he utilized effectively as 
in energy source for cattle and causes 
10 obvious problem s wi ih 4 % i n diets. 

The major approved direct food 
ise of 1,3-butanediol is iu a solvent 
or flavours, as it is considered to be 
. superior solvent for many essential 
als. In addition 1.3-butanediol and 
atty acid esters can be used as func- 
ional food additives {Abstr. insf. 
‘ood Technol., Annual Meeting, 
970) due to its moisture-retaioiag. 
>acterial preservative and emulsifier 
iroperties. Direct addition of 
, 3>butanediol to foods such as 
taked products can protect from 
acterU and mould invasion and 
reatly extend the shelMife, alibou^ 
uch use has not yet been approved by 
'ederal Drug Administration (FDA) 
f U.S.A. If the unpleasant taste 
Toblem can be overcome and it gets 
lie FDA approval, l,3*butanediol 
lay have an increased role in food 
upplyju ^'functional'* food additive, 
reservative and source of calories 
>r man and animals. 

Addition of BD to diets m animals 
rsulted in decreased amount of food 
ttake as-well as decreased deposition 


of body fat. ' 71^ observations 
have some important implicatioiis 
since excessive caloric intake is one of 
the primary causes of obesity in 
humans. This condition is also asso¬ 
ciated with a variety of metabolic 
diseases sucb as atherosclerosis and 
diabetes. Therefore, dietary modi¬ 
fication through synthetic food addi- 
'lives may also help to control obesity 
and related disorders. 

Although there is much to 
learn about the use of 1,3-buiane- 
did, its potentiality clearly calls for a 
fkew definition of synthetic food addi¬ 


tives in the years to come. Apai 
from opening up a new chapter i 
animal and human nutrition, studi< 
with 1,3-butanediol will serve as 
model for further investigations < 
synthetic compounds endowed wit 
dual properties of a food additli 
as well as a source of calories. 

PuaxBi Rani Mira 
Indian fnstime of BxptrimnU 

Ca\cMlC’7(iO(ii 
SaNDIP NAPtAYAH SlNN 

htparxmtnt cf Bio^tmisiry. Unhi 
sity C W/fge of ScUnct. Calcutta-i 


Light line in leguminous seeds 


I F a section of the seed coat of a 
legume seed is cut and observed 
under a microscope, the outermost 
layer is seen as consisting of columnar 
cells. They art usually elongated 
with a pointed end. They have been 
called by various names like Malpi¬ 
ghian cdls (luliao name), or palisade 
cells (because they are of the shape 
of the cells of the same name in the 
leaves), or osteosclereid or macro- 


sclereid (if they resemble the sclere 
of (he same tyi)e). The interestir 
thing about these cells is not the 
name but a peculiar streak of ligi 
which passes through them slight 
below the apex at the end of tf 
broader zone of the cells (Fig. I (a) 
This line has been named 'light line 
'optic line* or in Latin Urn 
tucida. 

Comer (1951) during the study < 
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Ibe uAlony of the faf — aeedi 
has dttd many wbm 

li^ liae may bo preaent tluuufbuut 
the paHsadf cdk of tbo mod coal or 
at iha localised pkaecs like hiham 
poly. Sometimes two to Chm baet 
may also be pRMoL Id some caaea 
thor may be io c opap fc Moos at aoom 
places while broader at the olfaer 
as in (be bilum (F1$. t(b) ). This liae 
sometimes gives a false impresskm 
that paliwde edit ooo^ of two 
layen. la longitadiiial iccChmi this 
line shows a bright spot ia the cefl 
wall at the jiiactioa fjf two parm 
la surface view it appeart as if the 
cells are uodergoiag divisioa. 

If these palisade cells are tnaiad 
with ammoakal copper oaide, 70% 
lulphttric acid or ]0%>d0% chromic 
idd, Che reagents which dissolve 
:dlulose, the apical part of these 
palisade cells rmist the actioo of 
ibew chetaiedSt whereas the test 
>f the body diasolvea. This iadicates 
hat apical part of these ceOs is 
KHKeiluiosic, may be soberised or 
utinised, while the red of the put 
s cdlulosic. Uoder ultim-viokt Ggbt 
hese two parU of the palirartr edh 
Kcoiiie more The 

ipiral part coBt aia mg soberis or 
otia appeuB more opatpic thaa the 
csl of body which spears dark 
md an empty band coeJd be loea 
between them two zom. TITiih boo- 
>olafiaed lifbc these sonea coold be 
esotved iaU> two owe 

dthia tuberiD cap aad the oths 
nthrn cdhilodc regioB. It indicaimt 
bal liQe ii ftw a md by thcae 
sro liDCt» wbkb are fonmd dae 
0 diftrsBo e ia ^ rhniiiril aatme 
f aoaes of the pafimde 

dk. Thk was far thm tsmlliamd 
flKD the frf r a c ti v e iadm of these 
zoBSt wn likA by Kmdy 
1935). It «w mea thd icfacdm 

adea ^ M w «hla 

tel rtf hoif 1JI5. Them sna a 
gffMce of OJl ii edtedne 
adni of ihma tma pmih 


_SRCnin 


After 

bat a 
jsxh 

aad 


thkmy.il 


is aol a strsctanl tbiDg 
resshitg (iroffi the 
rtf sahmia ta the caps 
ia the lower portion 


of the cdU of the SM 

coat 

H.$. Pm 
Buony Dt/n 
Vninnity. Chaitdigai 


M^nesium ammcKiium phosphate— 
a potential multinutrient fertilizer 


I N necai ycarv i ptMip of 
coopooads kamre as 
mdal amaMaiaa pbosphaScs (repre- 
seated by the ^asal formula 
h(eNH 4 PO^. X Hfi, where Me b a 
divakat ai^ as Mg» Mb, 

Fe« Zb, or Ca. aad a * I rw 6 ) has 
oosK iato pnMsiaeoGe as slow* 
nteue tbtiliisn. These compoonds 
are capable of sappkyiog N. P aad 


Dtftrieat catioas over k>Bg 
of time. They cootaie 
both akro^ aad phos^iorus ta a 
waler-iasotabie bai ptaal-avaiiabk 
form. Ma^Bsiaa amaioaiam pbos' 
(MGAP) appears lo be the 
promisiBf Pusa pt iaBd of this 
b is also a aoa haraing 
be applied at high 
the pUats. 
are that the phos- 
coataiard ia tha coou 


i.s ' •» ^ 


aatte fstSimn mch as sapapbos> 
pteae aad »■■■■» pheaphairs 
wtete have thv ph o sph alr ia waler- 
Krfobielbvm^isBOCixed te Ihe sod, 
the coataawid ia (his 

It imT b aal mtyeot to kaduag 

GX-Mdgm aad c owceten (196QiB 
VSJC raccady pemled ote tha 




N, 49 per cent PfO^ and 14 per cet 
Mg. It is prepared from oHvioe an 
rock phosphate by treatment wit 
HySO^ followed by reaction wit 
NH,. Aootber proceu of iu minr; 
facture iDvoIves tbe reaction o 
HaPO«, Mg <OH)t and anhydrou 
HHf. Furthermore, this materii 
n also obtained as a byc*product ii 
the process of desalioatiOD of se 
water. In India, the desalinalioi 
of KB water using cheap nuclei 
power is a practical possibility. I 
is, therefore, likdy that MGAl 
may be availabie u a cheap fertiUm 
ia future. 



Very little work has been cvrtei 
out ia India and dsewfaere on thi 
evaloaboo of MGAP as a source o 
phosphorus for cre^ Z.G. ilkoys 
kaya and coworkers in U.S.S.R 
r eported in 1933 that MGAP was i 
aCidactoty sourm of pbo^honu 
for peu and musurd but not foi 
bock wheat A German worker 
R Monk (I964X observed in poi 
eapenments that MGAP showed 
very good fertilizatioo effect as com 
pend whb other pbosf^tts. H.Y 
Oaki aad J.R. (t9$5) in VSJi. 
t/ompmd MOAP SAd oiha metal 
asmooiam phosphates with aper 
pho^h ate as louraa of phoiphonu 
for e 0 laBL MGAP prod u cad 
si^ttcaady ^naier total yield foi 
ffvc hanmtea of this crop. O.L 
Tmmaa aad coworfcari (I97C9 
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Sla^f and potassium removal in 
coal-fired MHD generator 

by tbertiul ionization (lonizatiG 
created by heating a gas ii themi 


J.S.A. studied in pot experiments 
be response of rice to several phos- 
borus sources including MGAP. 
lie performance of the Utter was 
imilar to that of concentrated super- 
hosphate, and nilrophosphates 
having tnedium to high watcr- 
olubility of contained phosphorus) 
n the basis of dry matter yields, 
ptake of total phosphorus and 
illering. 

tadiotracer evalnoHoa of MGAP 

MGAP and several nitrophosphate 
laterials Xvarying widdy in the 
^ater-solability of the contained 
hosphorus) were evaluated as 
Durces of phosphorus for rice, maize, 
nd wheal in green house experiments 
onducted by the author at Indian 
agricultural Research Institute, New 
UIbi in 1969-70. In these experi¬ 
ments single superphosphate was 
sed as a standard source and all 
me fertilizer materials were labelled 
'ith radioactive phosphorus (**P). 
> that the fraction of P in the plant 
erived from fertilizer source could 
e accurately determined. 

For rice crop grown on two allu* 
ial soils (pH 6.1 and 8.1) under 
jbnerged conditions, it was found 
lat MGAP had a higher relative 
Ificiency than superphosphate, 
lowever, for maize crop grown on 
lese soils, MGAP show^ markedly 
>wer efficiency ^especially on the 
Ikaline soil, when compared with 
sperphosphate. Similarly, on a 
iteritic soil (pH 5.5) and on an 
Iluvial soil (pH 6.7), MGAP bad 
dmevhat lower efficiency for wheat 
lan superphosphate. Summing 
p, it can be said Oiai MGAP is a 
romising phosphorus source for 
ce; however, it appean to be less 
Bective for maize and wheat. 

P.C Ohosh 
Ul India C<hordino(td Ristarch 
for Dryland AfrUtdrurw, 
)ris.ta Uniftrsily of Agriculture md 
Tfchnohgy, Bhubaneswar-TlIOOS 


E lectrical power may be 
obtained from a jet ttf looind 
gas by what is now known as magna- 
tohydrodynamic (MHD) geoeradoo 
process. In principle, this is quite 
simple and is umilar to the conven¬ 
tional geoeratioo process. Instead 
of driving a metaUic conductor across 
a magnetic field, a mass of ionized 
gas is driven across a magnetic field, 
whereby it generates electricity in a 
direction perpendicular to both Che 
magnetic field and the motion. (See 
Power Gewenckn by MHD, by 
R.D. Dadhich and M.U Matbur, 
5.R. February 1976.) 

MHD power generators are,com¬ 
monly classified as direct energy 
coDverton, because they replace tim 
rotating turbogenerator of the dy¬ 
namic systems with a statiooaiy pipe 
or duct. 

The gas jets which are at present 
readily available have temperatures 
in the order of 2200*0 and to achieve 
the necessary electrical conductivity 


ionization. The heat of the lonis 
tiOQ reaction when expressed fb e 
is called ioniution potential.), onl 
a very low effective value of ionizi 
tiott poleotial (Vi) is required. The 
it is neceesary to add some easil 
ionizable material to the parent gs 
(hdium, neon or other rare gases fc 
a dosed cycle MHD) or to the cor 
bttstioo products (in an open cycl 
MHD). This material has to 
called iced and alkali meul. Pota: 
slum is the preferred seed materii 
OB economic grounds for the oper 
cycle MHD system. Alkali oieti 
atoms have loosely bound outc 
electrons and are readily ionized i 
temperatures well below I900*C 
Tbe velocity of a hot gas stream (V 
is likely to be around SOOm/sec. Tb 
interaction bqlween tbe conduedn 
fiuki (known as plasma) and th 
magnetic field (B) produces electr 
city. Tbe electrical conductivity c 
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le g&A (») is an exponeniial fumi' 
on of lemperaiuro and is given by 
• • exp (—eVi/kT) 
here e is the electron charge and k 
the Boltzmann constant. The 
ower P per unit volume is given by 

9? mm I 9 Vlfi* 

0 , if the electrical conductivity is 
icrtased by adding seed with low 
inizalion potential, there will be 
Q increase in power output. Of 
>urse. power P also depends on the 
juare of the velocity V and the 
}uare of the magnetic held B. 

India's coal resources are estimated 
I 83 htllion tonnes. They are about 
00 times that of the oil and about 
00,000 times that of the known 
(serves of uranium in terms of heat 
ontent. Coal is an attractive fuel 
yr MHO power plants in India. 

In the United States coal is the 
bundant fossil fuel and presently 
^ork is directed towards ftnding the 
leans to utilize coal in MHD power 
enaration. 

Vbat b alM? 

One of the most significant features 
>( coal«fired MHD generators is 
he presence of ooal slag (the ash 
•ortion of the coal that will not bum) 
a many pans of the syatam. 

The content of slag or asb u well 
a its composition and properties vary 
rom one coat to another. Class 
ecbnologiits regarded ooal slap u 

KT OM t ifH 


iron-rich alkali-alkaline earth alumi¬ 
nosilicates. The compositional rinp 
covered by typical coals is given 


below: 

SiO, (Silica) 40-53% 

A UO, (Alumina! 26>33% 

Fe,0,<lronoxkk> 3-14% 

CaO<Cakia) 2-5% 


MgO (Magnesia) 

1-2 

NaiO (Sodium oxide) 

0-2 

K|0 (Potassium oxide) 

0-4 


From this chart it is obvious thi 
coal slag is a compound of oxide 
The composition of slag i 
various portions of the system 
depending on the coal available i 
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diffatAt pifti of the emr 

in mo broader laofo cbaa iadiea' 
ted ibcte. A ile| rich ia K|0 [and 
^erhape lulfiir dioxide (SOt) ] nay 
be expected in 1.01110 portioae of (he 
leoerttor. 


The propertiea of the ilaf. 
vhich vary with conpoaitiofl aod 
enperetnre, are viacoeity, vapour 
ranirei, thennal and eiectrical 
onductivitici and atomic mobiUtiei. 


^ preat deal of (ceearch u golni on 
D the U.S. Burean of Mtoea at 
’itUburgh, U.S.A., for flodini iofor> 
nation on the propcrtiei of varioitt 
»al ilap under conditiona expected 


0 the MHO lenerator. 


The mollen aeb from coal produced 
n the combttidon chamber baa 
icen found to produce a layer 
about 3 BIB in thiekaeaa) actinf Uke 
eramk on the ekctrodei (in (he 
vfHD lyatem), protecdof them 
iiainit hot corrosive gases and signi- 
icantly extending their worhiag lives. 
?ig. I illustrates the crosa«sectioa 
)f slag from the combuilor. 


rhe csmtHlsn proeeas 

The gas combinalioo going into 
be combustloo chamber in (he case 


»f coal-hred ope&<ycle MHD sysieo 
I seeded with one per cent potassium 
arbonate (K«CO«) and heated to 
letween 3000*C to 2tOTC. Pressure 


lied in the combustion chamber is 
round three atmoairtMres. The 
onized gas accelerates in a nozzle 
ind flows through the MHD chsiaoel 
vberc it is subjected to a big pres- 
ure differentiaJ b e twe en the itack 
nd the combustion chamber, aod 
I whidt d.c. electricity is directly 
xtiBCted at the expense of the ther' 
lal energy of the gM. 

The with its content of 


otasiium carbonate now begins 
erformiag ifl the same way as'tbe 


leUUic ooi^uctor adrom the magne- 


e field. 


The combustion products flow 
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Ihrou^ a diffuser to a wasie-beat- 
recovery boiler where steam ii gene- 
rated by a series of heat exchangen— 
through the leed recovery unit 
(indudes cydone separator)— 
and finally make exit from the 
stack. A scheme of an open cycle 
system is shown in Pig. 2. 

Sbg and petasslam rcaovaJ 

In a large scale open cycle system 
recovery ^ seed is essential for the 
reason that it is expensive aod it 
Would cause pollution if released 
into the atmosphere. Suppose 90 
per cent of the seed is raeoveitd 
and recycled at each stage, then 
only 10 per cent of the amount requi¬ 
red by the generator needs to be su^ 
lied sod the seed cost is reduced by 
a factor of ten. 

Sulfur compounds in the ^aama 
quickly combine with the potassium 
carbonate to result in the fonnation 
cf potassium sulphate, t^ig. 3 
shows the scanning electron inicro- 
gri^ (SBM ^oto) of ousbed slag 
chunks (of sixes a few nun to a few 
cm pieces) taken from the seed reco¬ 
very unit, washed with water. It 
dearly shows some traces of potas^ 
dura sulphate which can be removed 
by ample smlcr washing. 

About 95 to 9fl per cent of potas¬ 
sium win be r eco v e re d and redded. 


Because sulphur dioxide is taken Ot 
in the form of potassium sulphate b 
combining the seed material, th 
dirty coal containing a few perce) 
sulphur can be burnt without a 
mospberic pollution problems. 

• Over 90 per cent of (he coal sla 
which will be recovered as a liqui 
from the combustion chamber cs 
be used to make materials like roa 
surface aggregrate and buildio 
Mocks. 

The potassium sulphate becomes 
water-soluble ash at about 1200 ^ 
Coal slag melts at about* I400*C 
Potassium is recovered after the cm 
ash. The sul^iate radical is reco 
vered downstream as sulphuric acii 
or elemental sulphur, lo the recy 
cling process a carbonate radical i 
used instead of sulphate radical. 

Many researdiers are worichig oi 
the chemical and physical propertie 
of saed-sulpbur-coal sUg mixture: 
over the complete range o 
temperatuies found in MHD powe 
plants. 

In any large-scale opea<yde coal 
fired MHD syetem, It does not neces 
larfly mean that coal itself most bi 
burnt in the combustion chiinbe: 
amee then are eoveral prooeaies bj 
which coal can be ^sifi^ or liqui 
fied. In India guified ooal k usee 
for MHO power geoaration, hzm 
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yen imouBt ^ tsh pre- 

at m tba lAdifttt cod (>0-15%). 
i|. 4 ihowi t flow ditgran of (be 
uie coil*fUiflct(io& proceu. It ii 
complex cbcmicd (muitioo of 


lolkl cod iato e fom of aetural gw. 
The wiMhanau confistlng of CH^ 
bydrogea (H«) ead carbon monoxido 
(COX though combuitibk, ii low ia 
cdohfic content in compnruoa to 
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**natani" gM. 

Utuu S.R. Bccuk 
C«». tf Ttmtiatt ^att hull. 
Tullahoma, Teiuieistt 373U (USA) 


2CTODESMATA (ConUrntd frem pap «0!) 


lovement of fatty aubetinces may 
lio occur through ectodeunata. 

\ has been suggeited that even 
inu particles may use ociodesmati 
I a path for tbeir entry into the 
ells. 

The detection and study of ecto- 
esmata have led to a new outlook 
b'ith regard to the penetrability in 
»ves and items. Ilie characteris> 
ic distribution of ectodeamata may 
o explained on the grounds that 
ithor interfibrillar ipacei in these 
ites aie a little broader in diame¬ 
er because of mechankal factors 
uch as pressure or tension, or 
hat at these sites excretion of the 
educing substances occurs within 
be protoplast perhaps by a process 
vhkh is the reverse of pioocytosis 

i.e., ingestion of surrounding fluid 
rf cell). Further studies are requi* 
ed to answer these queslioas. Some 
Dore ultnstructural studies of 
ctodesmata and the application of 
adioactive tracers to ^ epidermis 
»f Living stems and leaves would 
mable us to detennine the inter* 


relationship of the ectodesmaia 
with the cuticle and their role in. 
epidermal absorption and excretion. 
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International symposium 
on monsoon 



\IEWS & NOTES 


International 
conference on 
chitin/chitosan 


T he India Meteorological Depart* 
moot, The lodia Met. Society 
and tbe American Mel. Society are 
jointly organising an Inlematjonal 
Symposium on ‘'Monaooo" at the 
Meteorological Office, The Ob«er* 
vatory Campus, New Delhi (lodiaX 


from March 7 to 12, 1977. . 

For details write to: Dr. f.S. Pam 
Director, Northern Hemispher 
Analysis Centre, Meteorologie 
Office, The Observatory Campui 
Lodi Road, New I^lhLllOCX 
(India). 


T he Massachusetts Science and 
Technology Foundation and the 
lea Grant Program of MauacbusetU 
nstitute of Technology (U.S.A.) plan 
0 ctyhoil tbe Erst International 
ronferenoe on chitin/chitosan in the 
Greater Boston area either in Novem¬ 
ber this year or in April, 1977. 
rhitin, a chemical relative of cellu- 
osc, is found for the most part in 
he exoskeletal structure of arthro* 


bods (insects, crabs, shrimps, spiden, 
obiCers, etc.). Since its initial invet- 
igation by Ledderfaose in 1876, and 
be tdeotihcation of a derivative 
ailed chitosan by Gilson in 1895, 
esetrch has continued to find new 


ises for this resource and practical 
ecovery methods. 

The tw^^y Conference among 
ither things will discuss souioes, 
hancteristks, availability, recomy, 


ost, h^iidimg asd processing c( 
hitin/chitosaa and their market 
pplieations (adhesives, paper, syn¬ 
detic fiber, films, ^armaceuticaJs, 
nimal food, etc). New develo{v 
wAts, and future plans and needs 
rill also be considered. 

Individuals interested hi the Con- 
^renee may ccmtaet: Mr. Vincent R. 
^Cicero, Minaier, IntenatiMal 


lonfereoce on Chitin, Massachusetts 
nence and Technology Fmiodatioo, 
\ Ukeside Office Park, Wakefield, 
laMadiUietts*^lfi80 (USAX 


Nobel nutritionist Dam 
passes away 


F OP. Carl Peter Henrik Dam. 

who di s cove r ed vitamin K 
and got the 1945 Nobel Prize 
for Physiology and Medidne. died 
on April 17 in Copenhagen at the 
age of 81. Tbe observation that 
chicks develop internal bleeding if 
they are fed certain diets for several 
weeks led the Danish biochemist 
and nutritionist Prof. Dam to the 
discovery and isolation of vitamin K 
in the etriy 1930's and in establish¬ 
ing its role in blood coagulation. 
In 1944 vitamin K was therapeuti¬ 
cally used in human haemorrhagB. 
New-born vitamin IC-deficient babies 
we» given vitamin K aRcr birth with 
the result that thousands of post- 
nstal deaths from haemonhage ware 
prevented. 

Bom on February 21, 1895 in 
Copenhagen, young Dam studied in 
the Polytechnic Institute of Copen¬ 
hagen and received hb Pb.D. d^pee 
from tbe Uaiverrity of Copenhagen 
in 1954. He lau^ and researched 
for 15 yean in various parts of 


Europe, under Prof. F. Pregl i 
Austria (1925), Prof. R. Schoenheime 
in Oernuifly (early 1930*s) and Prol 
P. ICsrrer in Switzerland (1935) 
He came to the U.S.A. in I94i 
during Ntii occupation of Denmark 
He worked in Strong Memorial CH 
nk Hospital of tbe University o 
Rochester and Rockefeller lostituti 
for Medkal Research. In 1945 hi 
shared the Nobel Prize with Dr 
Edward A. Doisy, an Amcricat 
^mist who analyzed the cbemica: 
nature of vitamin K and produced 
it synthetically. He returned to 
Copenhagen in 1946 to become 
Pr^easor of Biodwmistry and Head 
of tbe Biology Department tn Poly^ 
technk Institute. Earlier he served 
on faculty of tbe University ol 
Copenhagen from 1923 and attained 
professorial rank in 1929. In 1956 
Prof. Dam became Head of the 
Danish Public Research Institute. 

Bhaxti Datt* 
Si. Bomebai fioipiUA 
Nww York. I04S7 


HEWS AND NOTE 


Dubos, Wolman and Elton 
share ecology award 


ENb Dubos aod Abel Wolmid, 
profetftors emeritus of Rocke> 
JJcr University and Johns Hopkins 
Iniversity, respectively, shared the 
lird annual 1150,000 Tyler Ecology 
^ward with Charles Elton, a retired 
ixford University ecologist and 
uihor. Dr. Dubos, the 75 year old 
rench-born microbiologist arKl 
athologist, has been a leader in 
tploiing the held of hcinan ecology. 
>r. Wolman is a specialist in water 
urity and engineering. Elton is 
mowned for his animal ecology 
;udies. The award was announced 
^cently by Pepperdine Univenity, 
(alibu, Califoraia that administers 
ie award. 

Bom in France in 1901, young 
>ubo$ came to the U.S.A. in 1924 
nd got his Ph.D. degree from Rut- 
ers University (1927). tlaving served 
n the faculty of Rutgers University 
)r three years (1924-1927) he 
ecame Professor of Envirofimental 
ledicine in Rockefeller University in 
927. Recipient of numerous bono- 
try degrees and prestigious swards, 
jch as Lasker Award (1948), 
rational Tuberculosis Association 
,ward (1965) and Arches of Sciences 
kward (1966). and author of several 
est^seller books. Dr, Dubos is hi^ly 
redited for his contributions to anti- 
iolica, acquired . i mm unity and 
iberculoiis. He discovered a crystal- 
ne form of soil bacterial agent which 
estroys gram^positive bacteria and 
lut laid basis of new field of chemo* 
icr^y. 

Born iu Baltimore in 1692 Wol- 
lan got his engineering degree from 
ohns Hopkins University (1915), 
nd served on Its faculty (rinen 
936) and as the Chief engineer 

cromim 


of Maryland Department of Health 
jl922«39). He contributed towards 
contr^ of environment for reduc* 
tioo of diseases and welfare of 
man and development of community 
water Mrvices. 

Bom in England in 1900. Elton was 


A t the Forest Research Institute, 
Debra Dun two promising hy¬ 
brid varieties of very fast growing 
eucalypts have been developed by 
artifl^Uy intercrossing two distinct 
species of these exotics. Designated 
as PRMandFRI-S. these new varie¬ 
ties are expected to at least double 
the per hectare output of future 
fuel wood or pulpwood plantations in 
the country. This wilt also be the first 
time in the 115 year long history of 
Indian forestry that pedigreed forest 
tree material has been developed for 
pUnution purposes. 

Eucalyptus, of which there are 
more than SOO named species and 
natural varieties, are almost exclusive¬ 
ly Australian in origin. However, 
nuay of them have been introduced 
and grown successfully elsewhere as 
fast growing exotics in several tropi- 
ttJ and subtropical parts of the world. 
The earliest eucalypt introduction in 
India was that of B ghbutus, the 
Blue Gum. in the Nilgiris, more than 


educated in Liverpool CoHege an 
Oxford University. He became Djre< 
tor of Bureau of Animal Populatio 
(1932) and Reader of*Animal Ecolc 
gy at Oxford University (1936). H 
served as an ecologist in numerou 
zoological expeditions. He authors 
•‘Animal Ecology” (1927), *‘Anims 
Ecology and Evolution” (1930] 
"Ecology of Animals” (1933). ”Ex 
ploring Animal WorW” (193.3) am 
•'Ecology of Invasions of Animal 
and Planu” (1958). 

R.K Datt^ 


a hundred years ago. Lately, a not he 
species E. gra/tdis has been success 
fully grown in parts of Kerala fo 
pulpwood. However, the eucalyp 
which is currently the most wide!; 
planted in the country, in the plain 
of both South and North India, i 
mainly £. tertficernis. The ^e^ 
varieties mentioned above have beei 
developed by hybridizing this specie 
with £. camakiuUnsis, another close 
)y related, faster growing and mor 
adaptable species. In prelim)nar 
trials at Dehra Dun, hrst generatioi 
(F|) hybrids of these two cro&se 
have displayed striking de^ees o 
hybrid vigour in both height am 
diameter growth and have produce* 
at the early age of 4 years, nearl; 
three times more volume of woo^ 

than E. lereiicornis. breeder seed 
of these two new varieties now awai 
multilocation testing in the Sutet 
In the meantime, work on breed 
ing even better hybrid varielic 
continues. 

SClENCBRgFORTE 



Higher wood production 
through tree breeding 


MEDICAL NOTES 

Cadmium—a health 
hazard 


C ADMIUM a i QOB ctiwliai de* 
ment aikl hilbly touc to Baa tad 
lem] pcher orpanu. Acute tad 
chroak pououioc k reported to occur 
anonf the induftrUl wortei. OirooB 
pokodiiii may occur ia oecupa* 
tiooally aoii-eaipoacd peftoot due to 
proloApd etpoture to a tow oon* 
ccntratkm of la acule 

caiet of (admium poitoaiag, pitr^ 
enteric dittrat» pain, proatratioo, 
poetuBoaida tad pulmooary oedgna 
may occur. Ia tevc r c caaea Uyct 
ipjttfy and ooovuUioot have been 
reported. Chrook poboniof due to 
ig indicated by reoal tubular 
dytfuBCtioQ and proteiouria, ortccK 
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nalacki aoMoiit •"d 
and hypefteoaioft. lo the latiB. 
elevtied onnaiy excntioa of mettk 
like ttlver, cadnuum, chrooutun, 
pumpneec, lead. tin. titaokun tad 
aac hat been reported. It la con¬ 
cluded that it it a contequeoce rtiber 
than a cave of yuukriyiog iltaeta. 

No turvey Memt to have h eee 
cnrrtad out in our country for ttaest- 
ing the degree aad exteat of (he 
health hazardt emanttkg from ex- 
pocure to cndmium. Reports from 
highly ioduttrialiBd conotries are 
iodkadve of the fact that gadmiyif^ 
has attained the ttacut of a fomid* 
able health hazard in theae countrks. 
lapan being a highly iadntcridaed 
xmitry eooounten dut hazwd iD 
dong the weetern tide of Hand of 
Koaihu. Ihcre acoret of people have 
been aIBkted with the cadinka dust 
releaicd from a local tadler pla n! 
The bonei of theae vkdas haw 
bec ome briale and with 


dightest (oudi 
thfkks of tom 


on the incmiB. A 
ttudkaihccBfciM 
en k found to be 


in bolhi 
v&tglo 
ndBtte 


reve al that 


nnoking conlribni B a pifcaB ly 
total body burden of oMap 
(Fig. t). A co ocd ing to WHO tohni 
report, one cigMette ^w>* - * * ^ 
2 ^ of r a dmiiiB , of whkh ab 
10% k to tfe BMikc. 

ordinary tmnfcor tggj 2 ti 

Pg rndmiirm pa day. wUe a ha 
taoka may nhak 4 lo 10 pg o 
pff day. 

Thoe are aevoal sonreca 

emAmMm Av odv 


An 

to 4 


OOOl Pg/np. At tte mxi 
levd Bay lend to Uahnk 
Pf mdai k — pa dny. 1 
aUowabk eoHMta of 


QJS 


inair kO.] mg^oi*. Munkipalwaig 
tnpply ocinlaioi has than I Pg cad 
Biam pa Ittie but higher levek ma; 
be found in iadwtrial areas. > 
nonnal penon drinks about 2.5 liB 
of wala daily. He can inpt 
a Bi i iw im pf cadmium pe 
day through drinkiag wata. Maxi 
BUB cooceuMioo of 10 pg/lttre i 
alowed k intenatwoil ttindard 
for drinkiog wata. 

Cadmium alwayi occur* with dm 
ia nature. Commerdal anc wUd 
B need in galvanizidg food uteosiL 
Bay eoQlam up(o I % cadmiunL Tb 
^aaed potterk e kac ha bli 

mrtmhnB Bay be lonree a oTcadmain’ 
ingT'^hB, Dktary latake of cud 
BOB is r^orte d Ui a utu 50 Pg h 
150 pg pa day dtp ow li n g opoo the 
oouahy. Pomanfely. onty a obE 

thelotal iMf itUij 
catwaiB m aheorbed but ibiorptioB 
from inhiled cadmiuB Bay he ■ 
high as 40%. lohakd (wtHm a 


_MEDICAL NOTE 

Synthetic double-stranded RNA as 

anti-tumor agent 


nore dinferoui thin ingested. An 
)CCupaiioDa]ly non^xposcd. non- 
tnoker accumulates cadmium mainly 
roffl coDtamination of food and 
innkiog water. At birth, cadmium 
i virtually absent from the body but 
iccumulates with age until a maxi- 
num level of 20-30 mg is reached at 
he age of 50 years. One third of 
Ota) body cadmium is .stored in 
idney and about 15% in liver, rest 
i distributed among other organs, 
iz., adrenals, pancreas, prostate, 
estes, lungs and thyroid. 

Cadmium activates several enzy¬ 
mes. e.g., acid phosphatase, alkaline 
hosphatase, histidine ammonialyase 
nd phosphoryiase of rat liver, proli* 
ine, camosioBse of swine kidney and 
holinesterasc of rat brain, spleen, 
earl and kidney. Amotic the enzy« 
les inhibited by cadmium include 
denosine triphosphatase, vldolase. 
hoi ineslerase, gl u cose-6- p • dehyd ro- 
enase, gluumtne cxaloaccic irans- 
minasc. succinic dehydrogenase of 
It liver, S-ALA synthetase, catalase, 
pomidc dehydrogenase, tivptophan 
xygenase, leucine aminop.'ptidase 
nd succinic dehydrogenase of rat 
idney. 

Present coatribution of urban 
uuosphere to total cadmium body 
urden is not significant. Conti- 
uouily increasing pt^lution of the 
nvironment by cadmium-laden 
fflueoU of factories may lead to 
Janoiog levels of this extremely 
oxic metal. Since absorption from 
nhakd cadmium is much higber 
had that from ingested cadmium, 
very effort should be made to limit 
md to reduce present pollutioo of 
he envirooment with cadmium. 
Cigarette smokiag whidi contributes 
ignifica&tly to the cadmium burden 
)f the body should he curtailed. 

UN. AOAjtWAl 
fndur/rid/ Toxkphgy Mtsearch Cmtre 
AfgAom (/cmAi* Mar$ 
lMkfio^ 22600 i 
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T he synihetk double-slranded 
RNA. polvinosioic acid poly- 
CytkJylic acid (polyl. polyCl induces 
cells to synthesize inicrferon to deve¬ 
lop strong resistance to virus repli¬ 
cation and also enhances immunolo- 
gtcal capacity of the host by an 
increase in circulating antibodies. 
But. the most remarkable aaivity of 
Hyl. polyC is the inhibition of 
growth of several transplanted tumors 
and virus-induced tumors </ Nat, 
Canct r fnsr, 45, 3fi5. 1970). H V. 
Celboin and H.B. Levy also reported 
that polyl. polyC administered inler- 
penloneally inhibited (i) the for¬ 
mation of skin tumors induced by a 
single dose topical application 
of 9. ID-di methyl benzanthracene 
followed hy weekly application of 
rortex oil. and lii) the skin tumors 
induced by a single large Jose appli¬ 
cation of 9.10-dimethyl benzanthra¬ 
cene iSiieme. 167. 205, 1970). The 
inhibition of chemically induced 
malignant transformation by polyl. 
polyC has been demonstrated also by 
Hans Marquardt of Memorial Sloan- 
Kettering Cancer Centre. New York 
{Naturf New Biot.. 246. 228. 1973). 

Regarding the mode of action of 
polyl. polyC it has been suggested 
that the double-stranded polynucleo¬ 
tide is a strong interferon inducer. 
InCetferoe has been demonstrated to 
inhibit the growth of spontaneous 
transplanted and virus-induced neo¬ 
plasms (/. Nat. Cancer /nrr.. 45. 365. 
1970; Proc. Soc. Exp. Biol. Med.. 
137, 304, 1971). M. Llebermao and 
his group reported that interferon 
tnaiment partially si^resaed the 
X-radiation induced leukemia in 
mice. 5( A. Sakmo and ooworkeri 
of MIcrobioloficai Associates Inc.. 
U.SJk., reported the iolbbitioo of 


chemical carcinogenesis in mice b; 
interferon {Na{urt‘ Nev> tiioi. 139 
31, 1972). Though polyl. poiy( 
prevents chemically induced malig 
nant transformaiion in viiro. (h 
mouse interferon preparation fails l< 
prevent the same. So. Hans Mur 
quanli of Memorial Sloun Kcllcrinj 
Cancer Centre, New Vc»rk suggestec 
that the curcinogcncM'^ inhibitor; 
effect of polyl, polyC is noi nifidiate< 
through the productiun of oitcrferoi 
{Noiwe New Bh!.. 246, 2ZK i97.t). 

Microsomal mixed function oxi 
dascs activate many chemical carci 
nogens during s'hcmicat carcinogenc 
si«. P.S. Morahan and his group a 
the Virginia C ommtmwcalih Univer 
sjiy concluded, however, that polyl 
polyC inhibits the drug mclabolisn 
in mice liver hy inhibiting mixet 
function oxidase [Proc. Naf. Acad 
Sci., US.A.. 69. U2. 1972), Hence, i 
has been suggested tliat the inhibilioi 
of chemical carcinogenesis is due I 
the inhibition of liver mixed funciior 
oxidase octiviiy. As a result, chemi 
cal carcinogens arc not converter 
into the activated metabolites, thi 
ultimate chemical carcinogen: 
{Cancer Res., 30, 559, 1970). Han 
Marquardt argued that the trans 
forming ability of some of the carci 
nogens used does not seem to depent 
on microsomal enzymes. The syn 
those double-stranded polynucleotidi 
U also effective when added to cell 
after removal of carcinogens in visre 
According to Haos Marquardt, it i 
eooceivabie that polyl. polyC,* lik 
other synthetic polyribonucleotide 
(Proc. Nat. Acad. ScL V.S.A.. 6f 
2198, 1971). inhibits the activity c 
reverie iramcriplase. an enzym 
whkb may have a role in gene dupl 
(Contimed on page $9i 
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Planets and 
their positions 
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1%t 8th, sis degrees sonth of Sstnrn ofl 

14(h tod a^ut tcveo degrees oorth 
Full mooD occurs on 7lh at 4-4S ofVeousiAtbeeveoiiig of24Cb. Tht 
.n. and the new moon oa 21st at Imar crescent becomes first visible 
^1 p.m. I.S.T. The moon passes after the new moon day in the eveo- 
bout a d^ree south of Jupiter oa iiigor22nd. 


The ffloofl is at apogee or fkrthe 
from the earth cm 6th and at perigi 
or nearest to it on 2]sc. 

The pianets 

Merouty (fiudha) is too near th 
sun to be visible almost during th 
whole month. It is in superic 
coojuACtioo on 7th. Towards th 
end of the month, it reappears as a 
evening star juid sets ateut half a 
hour after sunset. It moves fh>z 
Libra <7^ib) to Scoipio (Vrisckika] 
Its visual magnitude is about — 0.f 

Vmif (Sttkra), an evening stai 
seU about two and a half hour 
after sunset during the month. 1 
moves ftom Scorpio {yrbehtko) t 
Sagittarius (Dfurm). Its visui 
magnitude U about -3.5. 

Mars (Mangata) is too near th 
sun to be visible during the montli 
It IS in ootvunction with the sun o 
25UL It moves from Libra (TWs 
to Scorpio (Vfischika). 

Jupitfr (Bribaspati) rises at abou 
sunset and sets ht about suaris 
during the month. It is In oppc 
litioD to thd sun on I8th. It Is i 
Taurus Q'rUha). Its visual magni 
tude Is —2.4. 

Satyrn (Sani), visible in the more 
ing tky, rises about half an hou 
after local midnight during the fin 
half of the mmth and about one an 
a half hours after it daring (he secon 
half. It becomes retrogr^ on 28(1 
It is in Cancer (Karkaia). Its vlsoi 
magnicude is about +0.5. 

(Sourct: Nautical Almanac Unit < 
the Meteorological Office, Alipon 
Calcutia-700027) 
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FOR THE 
YOUNG 


Venomous fishes 


A t least a ihousand species of 
fishes are known to be veno- 
nous. These species arc widely distrl* 
wted throughout the world. The 
venomous organs are either the fin- 
pines Of spines arming the |lll-covers 
)r venomous apparatus on the 
:audal peduncle. All of these orpps 
jfinsiitule the stings used for punc- 
•uring the predulor's body, making*^ 
1 wound and injecting the venom, 
fhe stings contain the venom or 
riolson gland.s derived from tl>e epi- 
ihelium of skrn. ostensiWyas adapta¬ 
tions of mucous glands. The glands 
secrete a venom which, when Injected 
into man or any other animal, causes 
severe pain and sometimes, though 
very rarely, proves fatal. The study 
of venomous glands forms the subject 
matter of ichthyoioxiim (/cfitAyr-fish, 
toxicum‘ poison). 

Venomous fishes are represented 
both in chondrichlhycs (cartilagenous 
fishes) and osteichtbyes (bony fishes). 

CartUagewms Asbea 

Hornfd or spiny-shafki. Sharks 
are almost entirely marine creatures. 
There are seveml species of homed 
sharks iHeUrodofitus fr^isci) or 
spiny dog-fish {Squahts acanihioi) 
which are found throughout temperate 
and tropicaf seas. ir»h«biiing mostly 


the shallow, protecied, muddy or 
sandy bays, They are provided with 
venom apparatus as dorsal stings: 
each sting is represented by the anter¬ 
ior spine of each of the two dorsal 
fins. The venom gland is situated in 
a groove along the back of the spine. 

5fiflje-fow. There are many 
species of the sting-rays that 
are found in shallow slicitered hay.v, 
river mouths <*r in samly areas, in¬ 
habiting tropicaf and warm tempe¬ 
rate seas, Some are found in fresh 
water also. Rays arc characieri*^ 
by the possesion of venom appsiratu' 
constituting the integral part of the 
caudal peduncle. 

fiatfishi'S, The ratfishes or CTimi- 
ofrasan mostly deop-sca fishes found 
in temperate or c6\6 oceans The 
most common species off the Euro¬ 
pean coasts is Chimaeru monstroso. 
Their venom apparatus comprises a 
single dorsal sting along the anterior 
margin of the first dorsal fin. The 
venom gland lies in a shallow depres- 
Sion at the back of the dorsal spine. 

Bony Mes 

CMfishes. The catfishes, mostly 
fresh water, are known by the 
presence of barbels around ihcir 
mouth. They usually have naleless 
skin artd vary greatly irt size and 


shape. The venom apparatus usually 
consists of sharp stout stings which 
are the spines of dorsal and pectoral 
fins. The fin-spines have venom 
glands along fheir sides within the 
surrounding skin sheath. The 
common venomous catfishes are sea- 
calfishei {(tolekhfhys fills, PhiMus 
iwguilldrix), bullheads {/vtalurus ntbu’ 
hsus) and Indo-Pacific cuthshei^ 
(//(•Icriipnfusfes fissilfs). 

They are smaK- 
si^ed marine fishes found mostly 
in Eastern Atlantic. Some of the 
fishes are provided with venom 
glands located at the lip of the 
grooves of dorsal fin spines and 
opercular spines. The common 
venomous fishes belong to the genus 
Trackinus. 

Toadfishfs. Thev are small, 
bottom dwelling marine fishes which 
inhabit the warmer waters along the 
coasts of America, Europe. Africu 
and India. They have broad, depres¬ 
sed heads and large mouths. The 
stings are usually two dorsal fin 
spines and two opercular spines. 
For example, the tropical America i 
toad fish Tyta/UsSwphr)^ has poin* 
led hollow spines on ihe gill cover 
and a poison gland at the base ol 
each spine. Biiirachus didairylus 
foumf off the European coasts, hai 
afvo slinging spines. 

\urgeonfishrs- They are deepbodi 
cd. often colourful fishes of ih< 
reefs. Each fish has a pair of knife 
sharp curved spines on cither side 0 
the body in from of the caudal fin 
The venom glands arc located wiihit 
the spine sheaths. It is an interes 
ling fc .ture wlih the fish that thi 
vpine, under normal conditions, i 
directed forward, but whert the fisi 
becomes excited it is extended a 
right angles from the body, ready fo 
infl^cirng a deep wound on th 
predator. 

Chcfflkal nature of venoms 

The r^at□te of venom found i 
aifTcrenl types of fishes varies cot 
siderahly. Since the venom gland 
for the most pari, are not propcrl 


C1FNCE FOR THE YOUNG 



>iu. I. Some r«maioii vopohiomi 1. S^y doffhfe. 2. Siticriy 3. RotSok, 

4. TvoMsk, 5. Wmcrflik. 6. 7. SyrgeoeAik. 8. Sttffalof, 9. lUbkJtftib 


bv fkint in|, pulpiiatfon, feve 
vomiting and, in extreme hea: 

Tailujc. 

Treatment 

The (reaimenl of Tish-Min^s ain 
jf Hlkviating puin. to comhut \\ 
venom’s effect and to prevent sccoi 
<iiiry inrcvlions. Jn ease of punctu 
ed wounds, bkcdini* should be v\ 
end raped forsomelinieHml tlic iiiflie 
ed p.{rl of the body (tippl'd in ht 
waU" for an houi, Tlic hverate 
wounds cautfd by slinpuys and son 
caiiishes art washed with eold wak 
or Nirnte vili soluhon. 

A new method of tKMimeni calk 
"liyainic cryoifu'^ipi" bemp nse 
noM anlays. InoiKitiauly foliowai, 

the siinping. the msiiiii Iic> n Irjidur 
ncai tliev>ouiid h' pivMdi the verjon 
froiu spreudiiip m (he bidly. Tli?ic 
aftci. I ho alTevlnl body <|Mtt iiK ii.iiiiii 
the wound is ininwised in kvJ ^aie 
for live to ten mm toes. Alter . 
whik. the Ngdtid c iv reino^'c'lunj \ f» 
alfectcd part is alloHCd to remain ir 
iced water for about iwo hou's Ar 
efTeci ivv antovtjnmi foi nI. nchd 
stmgs has reuendy been devc;<^j)cd a 
the Commonwcalih Sciiim trhora' 
lories, Deptfimeni of Health. Park 
ville, Victoria. Ausirah.i. 

VhENs Pk£M 


salable from the spines, if has not 
•ten possible to know conclusively 
he chemical nature or compositio i 
»f fish venom. The only knowledge 
o far ac<)uired about fish \enoms is 
hat they are complex mixtures; some 
lie proteins, while others a re peptides, 
imines. quarternary ammonium com* 
founds, mucopolysaccharides. 1 ipid> 
ind saponins. 

riinlcaf effects 

The harm that fish-stings may cause 
Icpcnds upon the species of the fish, 
<pe of venom apparatus, the pnrt of 


victim's body inflicted and the am¬ 
ount of venom injected. Most fish 
stings are of the puncture and lacerat¬ 
ed wound variety. Weeverfish tail 
spines make puncture into the body 
causing intense pain and discomfort. 
The stinging by stingrays and catfish 
produces wounds like that caused 

by (issue lacerations. These wounds 
often prove fatal. The stinging 
by certain types of fishes such as 
catfi%h. zebrafish, stonefish. sting¬ 
rays, spiny-dogfish and weeverfish is 
more severe. U has been reported 
thai Minping is often accompanied 


Biological basis 
of organ trans¬ 
plantation 

T hat the diseased or 

organs of the body (sin h 
replaced by biological grift i:t>r is a 
old concept, organ traniidani.inoi 
however, remained a legend oni 
the middle of the present ccniur 
when Dr. iosepit I Muiruy and hi 
colleagues in OdNum sucic'<sfull 
transplanted a kuhik, frum u heahli 
individual to h*' oiicat tvni uh 
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fts dying from an incurable kidney 
isease. 

A small piece of living tissue (a 
»n graft of skin, bone or an endo* 
ine organ) can be transplanted from 
ne place to another in the same 
nimal or from one animal to another 
without making any provision 
)r proper blood supply, because 
tese small pieces of grafl derive 
leir oxygen and nutritive require- 
kcnts locally (Fig. 1). After a few Jays 
r transplant new blood vessels grow 
ito the graft and it becomes hrmly 
stablished, However, grafts of 
I'hole organs like kidney, liver, heart, 
tc., do not survive unless their main 
lood vessels are immediately 
estored. 

It was Alexis Carrel (a French- 
kmcrican surgeon) who described a 
eliable yet simple method of joining 
ilood vessels using sutures (Fig. 2). 
'or achieving good results in organ 
ransplantSlion the healthy organ 
hould be removed and implanted as 
arly as possible because an organ 
leprived of its blood supply deterio- 
ates rapidly. Each organ however 
lifTers in its susceptibility lowatds 
lamage due to stoppage of blood 


sup^y (ischaemia). It is therefore 
obvious that the time lag between the 
onset of ischaemia and the restora¬ 
tion of Wood supply to the grafl 
should be as short ax possible. In 
case of kidney donor, elaborate 
preservation techniques are not re¬ 
quired. Instead, operations on the 
donor and the recipicni are synchro¬ 
nised so that the latter is ready to 
receive the graft before the transplant 
is removed from the former. Since 
restoration of blood supply to the 
graft lake only 15-30 minutes, the 
kidney can be transplanted without 
cooling, but chilling of the organ is 
always preferred because it retards 
the ischaemic damage. From cada¬ 
vers kidneys are removed as soon as 
possible after death preferably within 
an hour. The kidnc 7 s are then 
infused with cold solutions and kept 
cold at dX*. Meanwhik the recipient 
can be prepared Ibr operahon 
and tissue-typing of the donor 
performed if this has nor been done 
.before. Kidneys prepared in this 
manner can be kept upto S -12 hours 
with negligible delerioraiion and 
moved to long dislances in a simple 
thermos flask. 


The tenderwy of the body !< 
destroy a life-saving graft is Uu 
biggest hurdle in the way of orgar 
irinsplanution. This is because o 
the fact that the mammalian evolu 
tion has preferred in all its specie! 
a powerful and complicated defend 
mechanism against foreign invaders 
Unfortunately, however, this self 
protecting defence mechanism ii 
unable to diflerentiale dangeroui 
infective microorganism from th< 
life-saving graft and consequent!) 
rejects it, 

In early 1940. Sir Peter Medawai 
and his coHeagues studied the be 
haviour of rabbits towards skir 
allografis (from the same species] 
at the University of Birmingham 
England. For the flrst 4-5 days aftei 
graining allogralts and autografti 
(from the same body) appeared iden 
tical, then over the next 3-4 days th< 
allografts turned purple and graduall) 
died while autografts persisted in i 
healthy slate. Fjperimenis or 
mouse breeding have shown tha 
the factors determining rejection oi 
acceptance of tissue grafts are inherit 
ed.and segregate In a similar mannci 
like that of Wood groups. Breedinj 
of mice by brolher/sisler mating: 
over flfleen or more generations car 
result in a line of inbred mice, it 
which the individuals have identic! 
tissue groups, called (he histocompa 
tibility factors. Grafts between sucl 
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ftica are accepted indefinitely aa 
iiough they were autOfrafU. 
)r. D.A.L Davies carefully exa mi tied 
he difTcrent parts of body cells and 
ound that histocompatibility factors 
re present in (he membrane that 
DCloses (he ceil If a mouse is inject* 
d with cell membranes from another 
louse, it will react against the 
lembrane by becoming immune. 
0 that, a skin graft from the mem* 
fane donor is destroyed more 
apidly than would otherwise have 
cen expected. Cell membrane his- 
Kompatibility factors are. therefore, 
ransplantation anligeos. The re* 
ognition of a foreign graft and its 
estruction is brought about by 
r'mphocytes. Forty-eight hours after 
n aiiograA. small lymphocytes 
hroughout the body transform into 
irge cells, called imm unoblasts, which 
ifiltrate the graft acKl probably lead 
0 its destruction (Fig. 3 ). Other 
^mphoid cells probably change into 

lasme cells, which produce protein 

nti bodies that damage the graft 
irther and may remain in the blood 
) destroy almost instantaneously 
second graft from the same donor. 
Since thymus gland Is associated 
fiih the development of lymphoid 


system during neonatal life, its 
removal from newborn mice perman¬ 
ently impairs development of the 
lymphoid follicles. Dr. i.P.A.F. 
Miller of Switzerland found that 
mice whose thymuses had been re¬ 


moved at birth were unable to rejec 
skin allografU but became extremel; 
sensitive to infections to whici 
they usually succumbed at an earl; 
age. During development the lymp 
hold system Is. however, instruciei 



If aduh immunologicaUv competent lyniphoid cells are injected into the 
embryo, it may become a 'runt* due to an immune reaction of the graded 
lymphoid ceils egainst the hoel 
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t disregard the individual's own 
tsues as antigens and accept them 
: sel^constituent^». 

Sir Peter Meds.war showed that 
tin grafts between non-identical 
itile twins were accepted indefini- 
ly as though the animals had been 
lentical twins, This phcnomenoo is 
^plained on the basis of the fact 
)ai (here was mining of blood in 
tero between non*(dentica) cattle 
vins, which resulted rn coexistence 
f red cells of difTercnt blood groups 
) the individual calves during adult 
fe. It was therefor,; suggested that 
le exchange of blood between (he 
mbryo calves presented the develop* 
tg lymphoid systems v/ith both red 
nd white cell antigens of the other 
vin. Since the while blood cells 
ontaift hislocompalibiirty antigens, 
ie calves could treat their respective 
win's antigens as their 'Own and 
ccepted shin grafts front their twin 
1 later life. This reason'Ug can be 
roved by virtue of the fact that if 


mouse B, all the offsprings of mouse B 
will tolerate skin grafts from mouse 
A, but the graAs from third party 
will be rejected (Fig. 4). 

Recently, transplantation research 
has made great strides, and it is now 
technically leasible to graft any 
desired organ, via., skin, kidney, 
liver, lungs, cornea, heart, limb. etc. 
Prof. Christian N- Bernard of Cape 
Town. South Africa, set a record in 
medical history by carrying out the 
first cardiac transpbnUtion in human 
beings. It turned out lo be short¬ 
lived. because of the phenomenon 
of tissue rejection. However, with 
judicious use of currently popular 
immunosuppressive drugs and regi¬ 
mens. viz., imuran, adrenal cortical 
steroids, actinomydo, anti-lympho¬ 
cyte serum (ALS). radiation therapy, 
etc., it is now possible to put a check 
on rejection and thereby provide 
permanent acceptance of the grated 
organ with little unpleasant side 
effects. Since immunosuppmssive 


Tahle 1. Showing capadtka th 
mlMKca) of vviom orgais (Hants 
10 smUio iichaenia before trrever 
alble damages occw 

Nam </orifm U) Durarton tn minuie. 
Braio j.5 

Liver 15.20 

Heart 4 lung (i) 30*40 

Kidney (•) S^KO 

Skin end cornea 360 

drugs can only put a check on iIm 
process of rejection and are unable 
to completely counter its effect, 
these drugs have to be administered 
not only for months but for yean 
together. After a few months the 
drug dosage may be reduced and 
sometimes even stopped without 
the graA being rejected. It seemt 
likely that this is because of certair 
changes in the graA (e.g.. spec!fit 
deletion of relevant antigenic his* 
locompatibility facton) or In Che ho$i 
(e.g., production of speciAc blockini 
or enhancing antibody). The specifit 
blocking or enhancing antibody pro 
duced by the host does not destroy 
the grafted cells but instead cover 
up their antigenic sites so that (he) 
no longer act as antigens (Fig. 5) 
This is an encouraging sign in the fielt 
of organ transplantation. 

Although the riddle of tissue re 
jection is yet to be solved and thi 
immunosuppressive drugs hitherti 
available are far from satisfactory 
the science of organ transplantatioi 
has made great strides (Table 2] 
These data were compiled by Dr 
Joseph E. Murray of Boston an< 
indicate present status of kidn^ 
transplantation. The results cilo 
are encouraging and make the futur 
of organ transplantation still brightei 

P.C. Hurka 
Reader, Fhyslohgy t 
Biackemisiry. Medical CoUei 

AJm 
P.N. Mathu 
Frlacipal, Cevt. CaH$$ 

AJm* 
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hi croteeerd puMHted to ScH*"**' 


Istry) CUilS 

1W fte: (Os^wtae) 

1. A ntitt usoctated with 
Benaoe, 

Z To lubmil to a proceu of 
rediKtiofi. 

3. Hiett )ioa are dispbced 
Raman line» lowarda looger 
waveleng^t. 

4. A foreign Bubstance mixed 
with or atU^Md to a given 
subetaoce to enable tbe diilrt- 
butioD or location of tbe litter 
to be determined subeequently. 

5. A gai belonging (o the nobk 
family. 

6. A con»Unt name in tbe duao* 
turn energy equation. 

7. Thb brought death and glory 
10 Madame Curie. 

g. Ad iiomeric compound geoe- 
rally of a sugar which differs 
only in the relative position of 
two atoms or groups. 

IW apokca; Tbe weeds beghs Uroai 

lie coniMoa axle dne no. 9 

1. An apparatus used in the 
analysis and testing of milk, 

2. Formerly the X-rays were 
named after him. 

3. A name representing various 
space lattices. 

4. Ao instrument for measuring 
minute quantities of radiant 
energy. 

5. An electrolytic process for the 
separation of gold and silver. 

6. When an atom boromea an 
other atom by ejection of an 
electron from the disintegrat¬ 
ing nucleui, the two atoms 
are called so. 

7. A reagent used for (he deter¬ 
mination of hardness in water. 

g. A process of polymerization 
resulting in resin$. 

PiAaHAXAB BaavAm 
of Chfmhtry 
Pom Croduote Ceturt 
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Multichannel analog strip 
chart recorder 


doa oot biifii out And mntuti ufi 
The ECIL Recorder it Absolulet; 
DoWess elifflinctinf Uk problem e 
biofeedbeck in seniitive mteeure 
meotf iovolvini poteniitls to bio 
lyetem. This mokes it on ideal in 
stniD)enl for the recording of bio 
electrical phenomeot. (t can alat 
be used for the monitoring and re 
cording of kw frequency sign ah 
typical of laboratory and process 
measurements. The recorder has ( 
channels, eadi 20 mm wide. 



E LEtTTRONICS Corporation of 
India Limited (EClL) has deve- 
>ped a Multi Channel Analog Strip 
'han Recorder, CR-270, for incor- 
^oration in the various biomedical 
nstruments. This recorder has 
nuUi-speed capability, and the 
peed can be changed in steps 
inging from 60 mm/sec to 0.15 
nm/sec by a push button switch giv* 
ng a total speed ratio of four hundred 
0 one. The finger«tip speed control 
limmaies the usual cumbersome 
ncchankaJ gear changing. This is 
chieved by '"Electronic Gearing** 
ystem. The recorder H ideally 
uited for medical instruments 
ke the Electro* encephaJograph rc* 


cording unit It also has wide 
industrial applications and is used 
wherever petmaneni records of 
analog signals are required. 

The recorder has fully solid state 
dreuiUy, using integrated circuits 
and silicon devices.^ No waim-up 
time is required. The circuitry 
is protected against fault conditions 
and overloads, thus improving the per* 
formance under adverse field condi^ 
tions. The writing system is clog- 
free and requires very little main¬ 
tenance. The recorder has three 
functional blocks. 

The motor U burn-proof, fven if 
the motor is stalled intentionally or 
accidentally for any length of titne it 


Effective plant 
growth regulators 
developed 

T he National Chemical Labora¬ 
tory, Poona has developed a 
process for the manufacture of chloro' 
choline chloride (COC) which is one 
of the most widely used plant growth 
regulators for increasing the yields ol 
cotton and wheat crops. 

{ConSinutd on page 640', 
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kSiMOVS GUIDE TO SCIENCE: 

. THE PHYSICAL SCIENCES 
THE BIOLOGICAL SaENCES 
iMAcAitmov, Pe//canBooA:j t975, 

jfMt Brluin, Pp. 553. £1.50. Mian 
'gents: Penguin Oveneu Ltd., D-338, 
>fenct Colony, New Delbi-l 10024 

r HE frontien ofMience are expend¬ 
ing fast. Never before in the 
listory of civitiutioft, man'e know* 
edge of nature and universe has 
ouldplied as speedily as is seen today. 
Vhat is true in science today becomes 
koubtful tomorrow, what looks like 
I permanent knowledge now becomes 
efflporary the next day. 

In this race, the common man 
ippetrs bewildered with a feeling of 
King left behind. It is not an ima* 
tinary fear, it is a real danger because 
he common man cannot keep him* 
elf apace with scientific advance- 
ncnts of today. The gap between 
cience and citizen is widening and 
his is dangerous. 

Man must understand science, or 
:Ue it will slip out his grasp. He 
vill not then be an enlightened citi¬ 
zen to express responsible opinions 
m science and its impact on society, 
ile will not be competent to give a 
lirectioR to science which has become 
he most powerful force to influence 
Ituman society politicalJy. economi* 
ailly. socially and militarily. 

There are some scientists who under- 
lUiKl that they have a social obliga¬ 


tion to carry ddzm akmgwith 
them. They communicate scteoce to 
lay citizens in as simple a medium as 
science can permit. They bring 
science out of the laboratories and 
the pages of research journals and 
make it a part of the common man's 
thinking and understanding. 

One such scientist who is busy 
bridgiog the gap between science and 
citizens is Dr. Isaac Asimov. A blo- 
cheatist by education. Dr. Asimov 
has spent some years writing popular 
literature on science. The two volu¬ 
mes mentioned above were first pub¬ 
lished in 1972 and have been repu^ 
Ushed by the Fefican in 1975. 

Volume one deals with physical 
sciences, while volume two teUs us 
about biological sciences. The writer 
has tried to d es cribe the history of 
progress of science leading readers 
to the latest discoveries and observa¬ 
tions. 

The narrative is simple and exdt- 
ing. The author has to span a long 
period of sdentifk progress, and. so, 
be has necessarily to take a bird's eye 
view of the ever expanding realm 
of science. TIk bird's eye view has 
therefore left out details and even 
some important and recent landmarks 
of science. This is however negli¬ 
gible. because no writer can in two 
volumes of popular writing can 
describe the entire canvas of sdence 
which, besides enlarging itself, is 
becoming more complicated in 
character. 

The two volumes will be a very 
good addition to the collection of 
those who are interested to keep 
abreast with the latest in science. 


EECONDABY SCHOOL PHYSICS 
by N.K. Sehgal, KX. Chopra and 
DX. Sehgal, Su/tan CbanU A Sons, 
Delhi, 1975. Pp. viii-hKM. Rs. 3.30 

W ITH the introduction of the 
new 10+2+3 educational 
system, a large number of boob on 
different subieett are tf^caring in the 


market for the secondary echo 
stage. The book tn question ftl 
In tbit fine, written for the IX class h 
three lecturers of the Hans Raj Co 
lege, Delhi, Syllabus prescribed b 
the Central Bo^ of Secondary Edt 
cation has been strictly followed in i 

The book is divided into ten unit 
Each unit contains many fllustrath 
diagrams, some solved oumerio 
problems aJongwith the text, hod 
large oiunher of exereiaei at tl 
end. All phyiicai concepts are ti 
plained in detail by giving man 
examples. A good feature of th 
book » the inclusion of objecth 
type queilioos at the end of each uni 
These questions can help tbe leacbei 
in assessing tbe uoderstandlog of the 
pupib. 

In the, reviewer's opinion, th 
language of the book is tough fc 
an average IX class student. Prr 
bably, shorter sentences with lim^ 
words would have been better. Son 
explanations seem quite involves 
An average student may find tber 
difflcull to follow. The types used i 
the book and the size of the flguresar 
definitely too small keeping in viei 
the level of tbe students. 

At the beginning of each unit 
figure is given which is supposed t 
contain the central (heme of that uni 
SooK of these figures do not seem t 
have much relevance. For exampU 
the reviewer fails to understand th 
connection between the photograp 
of Lord Krishna and the content c 
the V unit, namely, "Work an 
Energy". 

On the whole, tbe book in it 
present forra would be a valuable ai 
for only brilliant students of phytki 
To bring it to the level of tbe student 
for whom it is meant, the book need 
modifications in tbe size of type aiv 
figures. Simplification of languag 
and of the involved concepts wout 
help in bringing it to the Iml of a 
average student. 

Nakoh Xuua 
FHysks Dfpir., Hindu CoOe$ 

Dethf^ttOOC 



l^MENTS OP COMPUTERS 
ND COMPUTER PROGRAM- 
fING by R. Ramaswamy and T.V. 
.rishnamurthy. Published by Mrs. 
akshmi Ramaswomy Tirvnagar. 
ladurai-625006. Pp. 212. Rs. 9.00 

^OME people think lhal (he 
y computer is an expensive 
ixury which does (he work of one 
lan provided there are (wo to 
rogramme and check it. The state- 
lent is obviously wrong. The 
omputer is capable not only of 
giving many types of complex 
lathematical probleitii hut also 
>lve$ them quickly. 

Many books on computer, its 
ichitology and c;omponent$ and 
rogramming have recently been 
ritten. The hcKik under review is 
Iso an attempt to present the fun- 
amenta Is of the subject. In the first 
hapter. a survey of di.^erent types of 
omputers is given. A comparison 
etween (he digital nnd analogue 
omputers has been made. A brief 
istory of computers is also included. 
To explain the working of a com- 
uter. elementary binary algebra 
nd logic circuits have been descri¬ 
ed in chapter 2. A tew computer 
omponents such as delay circuit, 
thibit gate, thr eshofd gate and 
lemory device have been briefly 
iscu&sed. A note on decision 
taking by cor.iputer .Has also been 
tcluded. 

The chapter on organising & ^om- 
uter problem is interesting. Flow 
hart has \>xn nicely explained with 
he help of informalivc block dia- 
rams, Thh has made the subject 
asicr to underscand. 

Of the eight chapters, five are 
evoied to computer lang'jii^ where 
Oft ran programming, which is 
resenlly the most popular language 
or scientific work, has been discus- 
rd. Once this language is umW- 
lood. other language.s art easy '>• 


learn. Methods to solve simutta* 
neous linear equations and matrix 
problems have also been expltim^d. 

The authors ccuM have avoided 
some unnecessary statements (e.g.... 
the computers may out-think human 
mind and pun control over society. 
Human being.s are really dangerous 
since they can feel love, hatred, 
greed, a desire for power and many 
other emotions that can make them 
act In an antisodal way to join 
their objective....) in first few 
chapters; (he treatment would have 
been better if the chapters were 
written to the point. 

The book is of use to beginners 
in this field. 

VUENDIU SHAtUA 
Microwatt Laboratory. Depattment 
of Fhysics A Astrophysics 
Ortiversity of DeAi. Dtihbl 10007 


MATRICES AND TENSORS 
IN PHYSICS by A.W. Josht. 
Wifey Eastern Limited, New Delhi, 
Pp. 251 (1975). Rs. 15 

AMII.IARITY with matrix and 
tensoriaJ techniques is essen* 
rial lo understand the developments 
in many branches of modern science 
and technology, particularly, quan¬ 
tum mechanics and relativity. It is, 
therefore, natural to see a Urge 
number of books written on (his 
subject. The book under review is 
one of the few books written by 
Indian authors on matrices and 
tensors. 

The book, as the title suggests, is 
divided into two sections: matrices 
and tensors. The fim section begins 
with a brief review of the essential 
concepts involved in linear transfor¬ 
mations. Contrary to what the 
author has claimed, the concept of 
matrix is iniroduetd as a definition. 
All the essential ingredienu of matrix 
algehra. which are frequently required 
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in physical problems, have bee 
given The chapter on 'Matrices i 
classical and quantum mechanic 
gives a nice but brief treatment c 
roution matrices. Pauli matrice: 
and Dirac matrices. This sectio 
ends with a brief introduction i 
infinite matrices, usually omitted ii 
most of the books on the subject. 

Unlike the manner matrices hav 
been introduced, tensors ire intro 
duced by analysing i concrete phy 
sical situation, viz., the effect o 
applied electric field on an aniso 
tropk material. The section i 
treated in a clear and concise manner 
Sophisticated ideas about matrice 
have been introduced in a simpk 
manner. They have been givei 
wherever required. The last chapte 
briefly explains (he kind of tensor 
used in general relativity. It shouh 
motivate a graduate student lo rest 
general relativity Very rarely book 
written on matbemttica] physics givi 
such a simple presentation o 
mathcmatici] cools of general reli' 
tivity. 

The author has tried to cover a: 
much as is possible in this smal 
volume. Each chapter ends with t 
set of unsolved problems. At thi 
end answers have been provided u 
selected problems. This manner o 
presenting the solutions of difficuli 
problems, instead of including then 
along with the problems, is oertainlj 
more desirable. Each chapter ends 
with a list of references where (h< 
reader can find detailed treatment o 
the material dealt in the text. 

In many aspecu the book couU 
have been further improved. Th( 
idea of matrices should have beej 
introduced by analysing som* 
physical situation, especially when th' 
book is meant for physics students 
The author could have freely takei 
examples from physics for makin; 
the text easily understandable, li 
the chapter on diagonalizaiion, (b 
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uthor does not give toy solved 
(ample where the elemeou of 
latrix are complex aumbert. 
urprisingly, matrices and tensors 
Kd in special relativity have been 
mitted. 

The book, on the whole, is nicely 
written. )l is easily accessible to 
\t graduate students of physkt. 
he author needs to be comiriimented 
» writing this text which will fulhi 
» needs of physics students for 
laoy years to come. Publiaher 
teds appreciation for the legible 
pes, nice format and rcascmabk 
rke of the book. 

Manmohan Outta 
Dtparimmt of Physics ^ 
Attrophysks 
VMmsiiy of Ddhi 
Dethi‘i/0007 

UNDAMENTAL CHEMICTEYby 
rof. Donald H. Andrews Jt Dr. 
Jcbard J. Kokei. (Wiley‘Eastern 
eprinC), 2nd U.S. ^ition, 1969., 
Eastern Pvt. Ltd.. New Delhi, 

p. 81!. 

r HE last decade has witnessed a 
sharp increase in the knowledge 
f chemistry. There is now a visible 
lange in the methods ofpresentation 
r the subject. In the past, (he curri- 
ila in general chemistry at the 
nderpaduate level were essentially 
r descriptive nature and were needed 
) be logical and conceptual. More' 
vet, the growing need for an easy 
nd effective presentation of a vast 
ubject like chemistry brought about 
lodernizatioo of the curricula, 
opics like quantum mechanics, 
tatistical mechanics, thermody- 
amics and chemical kinetics were 
icluded in (he introductc^y courses 
1 detail. The student of today is 
iven a better background of buic 
rinciplcs of theoretical chemistry 
D support the subsequent discus* 
ions on descriptive chemistry. 

With the assistance of Joint Indo* 


Americaa text book pr^runme a 
good number of text books have been 
made available in cheap Aaiaii edi¬ 
tions. The book under review baa 
been published under the same pro* 
gramme. Tile book tatisSa the needs 
of modern chemistry teaching to a 
great extent. It has been written to 
meet the requirements of an intro¬ 
ductory course for undergraduate 
students who ioteod to spcialiag either 
in chemistry or in relaied fields. The 
edition under review has been pre¬ 
sented after a few major changes in 
the first edition. The manner of pre¬ 
sentation has been materially altered. 
TIk fin lie difference notation has been 
replaced by standard cilcuiui nota¬ 
tion. New chapten on nature of gases 
and thermodynamics have been add¬ 
ed. The book presents a balanced 
treatment of modem chemistry whkh 
ts rather abstract and complicated for 
begiaoers. It has been made mon 
concrete and easy-t^ndereUiid by 
the Inclusion of analogies from day- 
to-day life. 

The book has been divided into 
twenty-seven chapters. Every chapter 
has been profusely Illustrated. The 
illustrations on atomic and molecular 
structures with three dimensional 
effects are excellent and help the 
reader visualize the processes occur¬ 
ring at the atomic levd. Tlw first 
chapter gives a brief introduction to 
the architecture of atom. Two fur¬ 
ther chapters dwell on modem ideas 
on atomic structure induding quan¬ 
tum mechanics and wave mechanics. 
Chemical bonding and molecular 
structure have been nicely dealt with. 
Ideas on resonance and hybridiza¬ 
tion have been elaboraied with iir,- 
porlant examples. Kioetic ihemy of 
gases and Bdumann distribuiioR 
law have been dtscussed after a clear 
ctposiilon of the ideas of statisticaJ 
mechanics Five chapters of the book 
have been devoted to the dbeossion 
of chemistry of elements and their 
compounds. A vivid introduction of 


organic chemistry has been providci 
while discussing chemical bonding 
Biochemistry and nuclear chemistr; 
have been discussed in the last twi 
chapters. The appendix of the bool 
provides mathematical and physica 
background (o the student, which i 
essential for the understanding of thi 
text Exercises at (be end of eaci 
chapter serve to further clarify tlv 
ideas. 

The cost of the book is onl; 
Rs. 13.50 compared to $ 9.95 of Ih 
U.S. edition and is negligible ii 
consideration of its valuable contents 

R.N. OoB 
DepU. of Textile Technolog 
IJ.T Sew Pelhi-nCOI 

CONaSC ETYMOLOGICAJ 
DICTIONARY OF CHEMISTR’ 
by Stanley C. Bevan, S. John Gregi 
Anglea Roiseinsky, Applied Scienc 
Publishers Lid.. London, 197l 
•Pp. !X I40,£7.00. 

T his concise dictionary contain 
ing about 2500 chemical word 
collected from various works aims i 
providing their etymological back 
ground for a good understanding ( 
Iheir meaning. Etymology is th 
branch of linguistics which is cot 
cerned with the origin, formatio 
and development of words. Tb 
vocabulary of science is replete will 
words whose origin lies in Latin an 
Creek. Since majority of the Eoglia 
knowing science readers today hav 
no background of these languages 
they lack exact comprehension < 
several words. In addition to fillin 
up this gap, che book also familii 
rises the reader with Greek and Lati 
roots, prefixes, numerals, alphabel 
and plurals of vinous words in ft 
appendices from I to fi. 

How the words have been de 
cribed can be seen from the followia 
example: 

CHAMPHOR (noun) Frenc 
Comphrt\ from tnedivtl Latin Can 


Cf£NCC RBPOftTEt 


KOOK Ht \U 


hora. 1 Vi>m A ra bic A'a /‘Ca m p hor‘. 

^ vglaHk aromatic crystal Isubs* 
ancc C'loHj^O, obtained f om the 
aniphor tree. tampi.ora, by 

listiMtttion. 

It is a common knowledge that 
v>st of t he e ncy I o ped i as, dicuo nur izs 
nd textbooks give a break*up of 
i^ords which have been derived from 
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anguages other than English for the 
benefit of iu users. At the same time 
he authors, as a rule, have selected 
hose words which arc of very com- 
non use in chemistry. This males 
he utility of this dictionary very 
estnelive particularly only to such 
eaders who have a preliminary back- 
ground of science, especially i>f 
:hemi8try. Its high cost is anothei 
)rohibitive factor particularly for 
uudenCs of developing countries. 
Libraries, however, can atford this 
:omplication. The gel up. printing 
and formal are undoubtedly of a 
loot} standard. 

C.H. SlUKMA 

AN tNTRODCJCTION TO PTERI- 
DOPHVTA by A. Rashul ViUs 
Puhlixhutii House Pvi. Ud..*. An sari 
Road, New Delhi llOOf-. . J976, 
Pp xi + 3H3, Rs. I«. 

TERIDOPHYTF.S cau^iiiute 
a division of plant kingJi*m 
and include the famihar horsetails, 
dubmosscs and ferns. They were 
prominent 250 million years ago. 
hut are now an insignificant pan of 
the lard flora. Nevertheless, the group 
commands immense evolutionary 
importance because it not only en¬ 
compasses the fust land planu. hut 
also represents uiiporiunt stages in 
the origin of seed habit The evidu- 
tiorary botanist is also amazed by txs 
rtmarlabic comhination of morpho- 
U>gy and ^lowtli characteristics vf 
higher plants wfth a reproduction 
mechanism which difTers from 
that of bryophylcs only in degrees. 
The form, struciurc und life cyde of 
members of this group of plants to¬ 
gether with their experfmenul control 


and interpretation are nicely pre- 
n'uicd in this handy votumc li 
also meets the long-fell need 
of B.bc. and M Sc. students of 
botany for a standard text incorporat¬ 
ing recent information about pterio- 
dophstes. 

After a nrief mircHluciion 
(Chapter •), which nisi»familial i^s one 
with the study offivtsilsand the class!- 
ficaiion adopted, the subsequent four 
chapters deal with the major sub¬ 
groups. Psi tops Ida. Lycopsida. Sphe- 
nopsidn and Pieropsida. Each chapter 
begins with an account of the salient 
features of the taxon followed by 
class! heat ion upto ordinal ranks, 
and then the morphology, anatomy 
and reproduction of important extant 
members. The orders, which include 
tovsil fiirms, especially Psilophytales 
iC'hapicr 2K have received levs atten¬ 
tion than they deserve in the hook. 
Third Chapter gives comprehensive 
account of LuopoJium. i*hvl/<n:lu\‘ 
sum, Se/aginefh H 0 <t ffoetes and the 

P'ourth of t^uisftum. Among Ptcrop- 
sida tChapier5). a fair selection of 
representatives has been described. 
Students would have appreciated 
more information about Pfens, a 
fern common in Indian gardens and 
university syllabi. It does not find 
sufficient space in existing tHmls. 

Most refreshing and interesting 
parts are the comparative accounts of 
the gamctophyie (Chapter 6) and the 
5porophyte(Chapter 7). In the former, 
liner details of spore germination, 
gamctophyie development, gametes, 
fcrlil I ration and emhryogeny are 
presented in a manner which reflects 
the course ofevolution and undeHinev 
ilie adaptations in various groups. 
The controversial and somewhat 
philosophicdl coruidcraiions on shooi 
apex organiaation. stdar system, 
origin of leaf, evolution of sorus and 
its hearing on phylloiaxy of lerns. 
morphology of the sporevarp of 
Afor.ir/ctf. and hcicrospcsrv and tifrgin 
of seed habit arc included in the 


chapter on sporoplivi.', I .'!i , 
CJipiuiCs one’s mirfv'-t ii i ‘ 
tion 

Like other pl;r)i ., j'K'.nHjnp;e\ 
uso have been Mihic. ie.j lo nn. I 
ex peri mem at ion \ . i'. 

It has kd to a boUci iiiui.*r.tuiii!i. 
of certain evasive pluocs iil’IifciVvi.' 
nu I ri 11 oual reu u i re ni en i s. dc ^ ei i > p 

menial poieniiai aiul icI ii.c i> i m .> 
various tissues and orijan* K ^ 
pect has been nrosslv negh. • j' 
contemporary hook> ’Ih.u;>i. 
M/eable part clcahuy wO' ^,.1110 
and regulation ol yernunaio o 
spores, initiation of gainciopi . 
(Chapter K). scmi iUi> (('li.ipu* 0 
regeneration ami alu i 11,11100 of; o'lv 
rations (('hapicr tOl.iiid yioMih ..m 
Jiffierentiaiioii <1! rii; sporiM'li;i, 
(Chapter I Ij would Iv c;|o.iH\ a,-: ' 
to studenis. tCllClK'r^ oul u 
Ihe fast chapici. wlnc^ i* s' xoi, .1 1, 
the origin amt cvoUiliou ,i| Picii 
dopliyics, picsents .1 new UmIioc :m 
exposition of me cvo]iiiu>oaiv pn* 
ccsvcn in the present <liv ni.'nkbci ' 1 
the group K'hapici 1.'; 

hciulologs snhjkvl oP'i 

coMMdered dull by siudcnix hv.oiic 
•1 fresh life in this book I he nieiliodi 
cal presciuaiion. simple unJ ui>in 
voivcd language and several plauw o 
wcll-dr.iwii hue diagram^ cn.ihlc on 
to comprehend the the me am 
coiiUmis easily. Hmhmi.inlis ot soin 
importttin vlJgcs, especially Ihos 
which are diiTkuli to catch' in lii 
laboraloTv, wsmlil have been a 
additional help. The reviewer fed 
no sompuin. lions in iec'i»mjncndj|ii 
(he biK>k I0 all siudcnis and true Ski 
III ihc subied. It is hoped tlmi ih 
publishers would lind it possible 
xvhh government sub^dy. ui rcduc 
the pruv furl her .md hrmg n wilhi 
easier reach ol students 

‘ A K. tlllAlKMiA 

DcfUJiliuriU of Bourn 
Hwo Riti f Vi/A;.r 
ihihvrsitv of 
MhUlHHH. 
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SCIENCE IN INDUSTRY {Continuedfrom page 635) 


Whan applied to couon crop, it 
increases flowering, boll frequency 
and the yield of col ion. In wheal 
plants, it prevents lodging and in¬ 
creases the number of tillers and 
hence the yield. Treated wheat plants 
give short, 51 iff SI raw similar lolhal of 
genetic double and irIpJe dwarfs of 
the Mexican type. To soyabean. 


cabbage and tomato cropa, it imparts 
miuance to drought, salt and cold. 

India uses nearly 30 tonnes of COC 
oi/ery year, most of which is imported- 
FieW trials of the NCL process have 
been taken and the product cemfonns 
lo the standard compound. Raw 
materials required for the NCL pro¬ 
cess are available indigenously. 


Kora plant of 30 tonnes per annum 
carucity the esiimated capiul outlay 

would be Rs- 4 ^ (R** 

lakhs on land, building arwl equip¬ 
ment and Rs. 1.99 lakhs as working 
capital). The cost of production 
according to the new process comes to 
Rs. 2l.5/k| againsi the market price 
of Rs. 60.00/kg- 
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Science 


Alchemy be^an by an obsessive urge for irar^sforming the baser metals into gold. The 
experiments of Alchemists recorded urider mystic terminology, gradually led to 
the discovery of metallic arsenic, antimony and phosphorus. 

We at S«frabhai M Chemicels have the obsession of alchemists, not for 
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Our great step backward." 



When we make a product, we take a step back into the 
science and technology of the industrial raw material. 


Takt, for ir)8tanc6, soaps We are not mere^ soap makers. 

Wa manufacture processed tnglycandas from several 
non>edible oils with specific technologies developed by us 

Or Nickel Catalyst for hydrogenation We not only 
manufacture a more efficient catalyst but also use 
mainly recycled Nickel as raw matenaM 

Or Fine Chemicals used in the Soap and Detergent 
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tesed on our own R&D 

Or process equipment for Soaps, Detergents and Fine 
Chemicals We make all our plant indigenously-^most of 
it engineered by us. 

And we are working on many more to come—industrial 
raw materials and processes based on Research and 
Technology. 

Our great step backward to take more steps forward. 
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Sir, S.R. ofMATcb 197b coouias 
i very informalive article oa al* 
rasonict. There couW be a brief 
nentiort about production oT uttra 
onic wava alto. While d^inf with 
>f)ticml diffraction method of mcaa- 
irementt. it it itaied that for the 
utionary wave lyvtcm iKe spacing 
if the phase gialing formed by the 
lUratonk beam parsing through a 
ransparcfit malitim is h/2. M it 
rue that (he niodet of the tiaOoaary 
vavet produced in the medium ve 
eparaled by But at any ins* 
ant alternate node are com kn ta* 
ions wiih rare*factions in between. 

the grating element of tbe phase 
fating is b as in progrettive wavet 
nd not >/2 as mentioned in tbe 
rtkle. 

A.O. Mathai 
(Aesd. fnf.) 
ffrrahi 

lAmp aecaag 

Sir. I would like to add the follow- 
ig to the article Tbe leap teemi 
S ff. April, 19741, 

It was mentioned in the article 
lat the phenomenon of annual 
hange of duration of the last minute 
r a particular doy from bO accoads 
) bl or 59 seconds is termed “leap 
xond*'. It appears that the name 
trap second*’ has been derived 
(H?) an analofv with '‘leap year**. 
no« fee! that (he above pbeao- 
leoon efiould. in all faimem, be 
Tmed “leap minute*’ iaslend of 


*^faip •eoond'* for tbe rofiowing 

In a leap year, the tda hrhrnd 
aaHig ft as such bas natmOy orw 
ffdim aa ^«****d<id year «ilb 
an addhsoaal day. The fact that 
osse day actaally leaps ia that year 
vas act takea into coasidcratm ia 
its aomencUlufe; that pheaome 
Doa, uarvmaOy koovn aa a leap 
year, was aever called a leap day. 
On aa ideatkal r cam a in g. the adds* 
tioii or delrtsoa of oae wcoad with 
tbe list aaaate of a day. as aad wbea 
done by blT, sboidd better be rder* 
red to as aa oi xai t tfce of *Tcap 
eiiaiite** becaase the durmtion of a 
BUBifte is iKcred tbeitby. 

lateraatsoaal bodies like CCfft, 
Clfbt. CCDS, aad BTT tboald 
moQiider tbe aomeadatafe. 

SvM» K. Mukbjk 
Dtpanmtmi af fkjnks 
/admpv U$dmtiif 
C^caita-TOOOSl 

A 

Sir. Thanks for publiibiag Ida 

Jan.. 76) by Nidsa Baipai.' ^ 

The author has amtkwkMisly dAlt 
wkb the cMt ri batioa of fvtiaol to 
the viaaal pr o cess bat has nowhere 
meaiioaed chat leciaol is actually 
tbe mast ffaWr fom of vitamia A, 
and is the laoa active fora ia curing 
'Sit A" <k6cieocy. 

Since two more biologically active 
peoowtrical ts om e r s of viUiiud A, 
(aU‘traash Bco*vitaatjQ a from rat 
liver aad aeo-vitamio b from eye. 
hive been tsolaled and a second 
compound viuiain Ac(3*<lchydroxy 
retinol) ha& also been ivolai?d. their 
differentiation becomes accevsary. 
A normal bumaa being regtnres 
.IJ007 ga of vitamia A| tredcMl) 
daily. 

la this ****»*^, hoiw cm , it voald 
be of nMaat to asde the nceol 
oa rak of viOM A a 
pmaaliag b K a dnm , Dr. G. 
Veakatasaraaty, Prof, of Opbthalaso* 
logy, Madurat Medkal Collefr, ia 


his paper at the Afro^Aaian Coa^ 
of Ophthalmology at Madras lai 
that attempts bad beet made t 
prev en t by admiaistcrifl 

vitamia A to pre*^oot diildra 
ft was estimated that 100 , 001 ) chi 
dnea go bliad ev«y year ia the wort 
dae to keratomalacia. A stud 
of kctatoamlada cases in lodu 
before and alter tbe adoiiiui 
tratioa of vitoaiia A. at Ersku 
Ko^Ntal, Madurai; Sircihii De* 
Eye Hospital. Hyderabad; and othi 
hospitals did aot show any change i 
a resMt of vit. A admiiusmtioi 

PANKAI StlVAfTAV 
£bpir. a/ Chemistr 
VaistTMUy a§ <41616060 

c 

Sir. ) have read with iakrei 
the article L«i «f viMmhi C I 
fcriiii yiMk 5.ff. April. 1976 b 
lamaludia. 

Tbe author hu givea numerou 
esampfes of losses of vitaraia C ii 
plaats or their products due to fun 
pi dwrascs but has totally omittei 
even the mentkm of such a happen 
iag due to plant virus infection 
(Z. ffimimktmAhtsia tmd Pfim 
Tfoadmn 7S(5), 355 56, 1971). c.f. 
the case of lomatoes due to tobacc< 
mosaic virus as wdl as other exam 
pla as reviewe d therein. Moreover 
a nuttber of bacteria and plan; 
parasitic nemalodes have aho beet 
reported to cause detenoratioA ia thi 
quality of different plant producti 
apoo infection of tbe concerned 
^aots. 

Da. S.M. Paul Khuoana 

ESiai 

/adkn Fatata Assockaha 

Ctntfoi Potato Ptnarck hatitau 

Simk 

BUegy ryfljbai 

Sir. Prof S.C. Maheshwari. tbe 
Shanti Swtrup Bhstnapr Prise 
winner for biological sciences for 
1972, is right wJwo hr vtys that the 
preveal N)klabo need inerhauling 


> suit the needs of modern biology 
?.it. Mirch 1976, p 178) The intro- 
iietioo not only of physics nnd 
lemistry but also of mathematics and 
atistics to biologists is Important 
tur syllabii must^ interdisciplinary 
)that scientists of different interests 
in find the way easy for their con- 
ibutlont. Prof Maheshwari's 
el log that **our students are good, 
ut the training imparted to them 
defective*' is predictive of the neces- 
ty for overhauling the syllabii 
(id introduction of interdiscipli- 
ary courses. 

A.K. KuMAaAOuau 
Ffstarch Schohr 
entrt a/ Advanced Study in Morine 

Bhlcgy 

Annamaici Vmyfrsity 
For to NofO 608W 

Moaopolcs 

Sir, My thanks to Sri Tipash 
^akraborty for his article TV da- 
Ive owoopole (5.A. Feb., 1976). The 
rticle Is interesting, for it dealt 
i^ith a recent discovery in physics. 
The author has mentioned many 
lew changes that will be necessary 
r the concept of monopole is ac- 
epted. Another basic modification 
n magnetism will be in the present 
«ncept of 1 ines of force. At present, 
ines of force due to a magnet are 
:onsidered closed. If monopoles 
ucist, we should be able to create 
nagnetic field where the lines of 
^orce will be open, just like the 
tlectric lines of force in an electric 
Idd. However, we have to wait 
lil) the existence of monopoles is 
»>nfirmed. 

ASHUTOSH MEHOt 
DepU. of Physics 
Cangadhar Meher ColUge 
SambaJpur (Oris^) 

Mereary poUntioa ni M htfahe 

Sir, We are thankful to DaUit 
Singh ar^ Iqbal Singh of Punjab 


AgrscuUunl Univtrvty, Ludhiana 
for their warning about the methyla- 
lion of mercury and its deleterious 
effect on all kinds of fishes (5.A. 
April 1976). We shafi V thankful if 
any private or governotent body in 
India points out the safe limit of 
mercury in fishes in and around 
Calcutta area. Calcuna is a rive¬ 
rine harbour and on both banks of 
the Hooghly are situated numerous 
plastic, paper, caustic, paints 
and pesticide factories. Greater 
Calcutta alone must be consuming 
more than a thousand tons of 
mercury annually by way of fishes. 
It will be in the public interest for a 
government or private body to throw 
light on mercury contamination of 
fishes in Calcutta. We had written 
to many authorities including the 
Government Health Department and 
Fisheries PALTA but without any 
response. 

$.H. VlKtAM 
M. Bkat 
V. HeMtAi 
92'A Bowbazar S/rttt 
Caicutta 700012 

Blood groapa 

Sir, I thank Sri Bhattacharya for 
Blood groupe aid bawi dbeasee 
(5. A. Feb.. 1976). I want to know 
if there is any psychological disease 
reUied to blood groupe. 

The Rh (Rhesus) blood group is 
of great clinical importance. Is 
there any disease related in particular 
to the blood groups? 

G. BALAKRrSHNA 
TkifUmapurtun 
Ananipur Distt. (A.P.) 

Psycholopcal (neotal) disease is 
caus^ ID sigDificant aacess in per¬ 
sons of B group blood. The di¬ 
sease is considerably less in A 
group persons. W.C Boyd. De¬ 
partment of Biochemistry, School 
of Medicine. Boston University. 


U.S.A. puUi&hed a monograp 
Blood Groups in 1939 wherein h 
mentioned the relation of bloo< 
groups to psychological diseases. 

Some diseases are related to Rl 
(Rhesus) factor of the blood group 
Pulmonary embolism, chronic ul 
cerative colitis, malignant neoplasn 
of gastrointestinal tract, du^ena 
uker occur in Rh-negative persons 
The work of Ch. W. Mayo am 
J.O. Fergeson. American serologists 
may be mentioned in this context 
They published in 1953 a paper ii 
the Journal of American Medics 
Association entitled Arr ctrtoin di 
stous assoriotod with specific blooi 
groups Of Rh aitUgcns? 

}. BhatTacharvi 
II 

Sir, I read the article Blood group 
and hoaiaB diseases by J. Bhattachary 
{S.R. Feb.. 1976) with great inleresi 
I like to have some more informi 
tion. 

1. In the figure it is shown tha 
the serum of an O group man con 
tains ab agglutinin. Fven if th 
serum contains either a or b or m 
agglutinin, it will still be compatibii 
as the corpuscles contain no agglu 
tinogen. 

1$ ft possible for a man with C 
group to have either a or b or m 
agglutinin in bis serum? 

2. If the donor is of O grou| 
and the recipient is of A or B group 
would the ab agglutinin in the dono 
blood not cause agglutination oftb 
corpuscles of the recipient blood? 

3. Can the blood group of ai 
offspring be predicted from th 
knowledge of the blood groupe o 
the parents? 

S.V. Sogt 
Dandia Bozc 
Borod 

1. It is not possible. 11 will lead t 
tDomalous serological constitution. 
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2. Here the donor U umverul 
0 group). He his access to any 
Ao^ group in the ABO system, 
lie fact is that the blood group 
) is chuacterised by the Lack 
ensitivity of its corpuscles to lay 
»f the Isoagglutifiiiu. The other 
ilood groups possess agglutlaable 
ilood corpusdes. Fig. I shows 
'irious possibilities of triDsfusion. 

y. The blood groups are ioheri- 
td according Co Meodelian Law. 
Phe corpuscle characteristics A and 
) A O not appear in a child unless 
bey are present in at least one of the 
>arents. A and B behave as strict 
lominants. This helps to solve 
he mystery of disputed paiemiry 
Ases, Table I below amply 
lemonstrates the point. 


J. Bhattachaiya 


Sir Jt is slated in the above article 
hat ''persons of O group blood are 
onsidered to have the best teeth*’. 
Phis fact is of interest to us. Will 
■ou pleese disclose Che reference 
egarding the statement? 


Da. N. Um 
'‘utor, Dtporimentcf Oral PMhotogy 
'ytnial Win^. Medicaf Co//cfc. Kergh 



Plit. Amv tailcsi* the aiMlM er ^ooLMe frM 4 m to rsdiM 

ult V. Suk. (I930X explained theroleofintermediatear 
I and btood groups dehnile hosts in their intimate relitk 
on decay and care to man. 

liUs), Jptry/ek. Foi. Certain statements require ref 
w y no., , . elaboration. 1 have n 

idea if oriental sore {Lsishmani 
J. BHATTACHAiYA frppica) iofects pcU. How can it t 
mira/ Foftmc Sokwe to man in the absence ( 

La^., CaJcuua-TOOOU suiemeni (pai 

243) that **Dirofiiarla immili hi 

be iaHcroM occasionally reported froi 

man’* is controversial u there is n 

... . , such reference in medical book: 

on of toe above article .. . . .u .• 

vi^ i. — "111 Ihe authors give some authenti 

>76, 24M5) have not - . . .r, ... , 

. . 1 . > references? 1 think this is also th 

resent the article in a y. • n 

They have not '**^**° Guinea worm iimcwi 

^ lus me^neruis which we know oecui 

in man but not in pets. The authoi 
should have also stated in whi 
tumours* of man Gnathostom 
mote io snr jpuugefum is found. It seems to be a 
cmiiBi eaaggeration as there are no sue 

an references available. 


Please consult V. Suk. (I930X 
Fmdtless torth and btood groups 
(with remarks on decay and care 
of teeth in whites). Spisylek. Fak. 

Umvtrsity Brno,, 12$. 1. 


(Ceeeh). 


J. BHATTACHAiYA 
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Pecs eai be 4iifcroei 


Sir. The authors of Use above article 
(5.A., April. 1976, 24M5) have not 
been able to present the article in a 
scientific way. They have not 


10 anj 


The authors have not explaioe 
the life cyde of Dibothrheephohi 
Ictus and how an infection in pel 
can ever infect man without the intei 
mediate, fish. 


One would like to go through th 
original statements and reference 
before taking part in any discussio 
and I think in all irtldea of you 
magazine there ought to be som 
more refmnces, preferably in m 
queoce, as everyone would like t 


CUNCF ' r>‘1K>nTlK 


NovEMmr 


tow more than wbal is given in aa 
tide. 


D.N. TaiPATHi 
re/ A Head of the Deptl. of Surgery 
MX.C.G. Werfrca/ College 
defhompur, 760004, Orissa 


HjbrM feed pra^wtto 


Sir. [ would like to make a few 
^moients on M i d e ei w ilitj ^ 
rbrii ned pvadMtfaa by Satyendra 

.umar {S.R. May. 1976). 

1. Sorghum is not mainiyacroas* 
ollioated crop. On (he contrary. 

is mostly a seJf'pollinaied crop 
1 th only 5^*15% out crouiog 
ilso called often cross'pollinated 
rop—thii group includes important 
rops like pigeon pea and cotton). 

2. When subjected to chemicals 
nd radiations, there will be gross 
Kromosome structural changes 
t^hich of^en result not only in male- 
terilily but also in female sterility. 
Vith chemical mutagens it is possible 
hat one could get point mulalions 
without drastically ifTecting the rest 
)f the system. A male-sterile gene 
ms?) has been induced in sorghum 
vhich is inherited as a simple reces* 
ivc gene and Is extensively used in 
levdoping sorghum populations. 

3. Hybrid vigour in bajra has 
)een and is being exploited to the 
ullest extent possible. 

4. Symbol *R' would have been 


better uaed for restorer line iiuicad 
of *A* which is used for naming a 
cytopUamk male-sterile line. It is bet¬ 
ter to use known terminology to 
avoid confusion. 


K.V. L AMAtAH 

Research Aisoeiate 
Sor£htm9 D etdi/tg 
ICRJS4T, 

MakfntfhcsmA 

DearStr. The pbotopmphs (Ftg. I 
and Pig. 2) show the testes, penis and 
mammary gbnds of a goat. The animal 
was ob ser ved by us in a villas near 
PaurifDistt Pauri CSarhwaJ. U.P.) on 
Sept. 30. 1970. The goal appeared to 
be male, but the observation of exter¬ 
nal sexual organs revealed a bewilde¬ 
ring sight, i.e.. thoroughly well deve¬ 
loped mammary glands with teats. 
And the more interesting thing was 
that it gave milk, about 200 ml in 
a day. 

We came to know that the goat 
also performed successfully the sexual 
function of a male. It is ■ well known 
fact that milk is produced in females 
only after ferliluation and parturi¬ 
tion. But. ID this case it has not 
produced any osfTpring so far. 

We have taken the milk sample 
of the goa( to our laboratOTy for 
analysis. We are also trying to 
acquire the goat for extensive studies. 

In the ineanwhile» we would wel¬ 
come clarification of this pbenc- 



nai 


menon from experts. 

J.P. Bhait. a. G.C. Mml 
Oeptt. Chemist r 

Biria ConstUyeni Co/kf 
(Gaehwoi Umversitjt 
Sfinaga 

(U.F. 


COBJtKXNDUM 

In Science Wheelword puzzle (S.R, August76), readiht clue ao. 3 (The 

Rim) as **the other name for woH-bUadae$e** for ‘‘The other name for 

bliodoeii*' 

In Letten (5.it October 197€), the t efciencet quoted io Dangerous pets 
are as foUowir 

1. Btii. /cm. Cfia. Rnet. 9 Aug. 75. p. 217 

2. Mad. Dig. VoL 21. Jaa. pp. St-32 
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Planets and 
their positions 
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PL/iNtTS MAMTUOCG PfOON 

f YfA/Uf mL Moof^ 6 

if ovmeg ^ FittsT^sj£(( 28 ^ 


TW m9om 

F ull moon occun oii 6th at 
1M5 p.m. and new moon on 
Ui at 7*38 a.m. I.S.T. The moon 
R$$es about a degree south of 
jpiter on 5th, $ix degreed south of 


Saturn in the early Hours of 12th. 
about six degrees north of Mercury 
on 22iid and aeven degrees north of 
Venus in the evening uf 24th. The 
lunar crescent becomes first visible 
after the new m<^ day in the evening 
of 22nd. The moon is at apogee or 


faitheil from the earth on 3rd an 
again on 31st and at perigee i 
nearest to it on 19th. 

The tun is at the winter solstice c 
21 st. 


1W plasett 

Mtreury (Budha). an evening tia 
sets about an hour after sunset durin 
the month. It is at the greale 
eastern elongation of about 2 
degrees from the sun on 20th an 
becomes retrograde on 28th. J 
moves from Scorpio {Vrisehiko) t 
Sagittarius {Dhanus). Its visual ma^ 
tude varies from--0.5 to +M. 

Verms (Sukra), an evening sUj 
sets about three hours after sunsi 
during the month. It moves fror 
Sagittarius (Dhonus) to Aquariu 
(fCumhke) throu^ Capricor 
{Makara). Its visual magnitude i 
about — 3.7. 

Mors (Mangala) is loo near th 
sun to be visible during the montl 
It moves from Scorpio (Vrishika) i 
Sagittarius {Ohama). 

/upiter (Brihtspali), visible in th 
evening sky, sets about one and 
half houn before sunrise during th 
first half of the month and about thre 
houn before it during the secon 
half. It moves from Taurus (Vrit/u 
to Ariea {kfeshe) by retrograd 
motion. Its visual magnitude i 
about — 2.3. 

Setiew (Sani), visible in the mornin 
sky, rises about two and a half hour 
b^ore local midnight during the Ari 
half of the month and about thre 
and a half hours before it during th 
ncond half. It is in Cance 
{Karkato). Its visual magnitude i 
•bout +0.3. 

(Scureet Nautical Almanac Uni 
of the Metooroiogica] Office, Alipon 
Cakutta>27). 
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D UHIHC ihe fint quafUr of 
(be Iwentictb ceiMury miny re- 
olutiOHafy (beorm were tnlroduced 
Bto physics ihit shattered ibe 
dd cDoveotioiial kkas. Inevitably* 
oiae flesh coocepis e m cT f ed in 
betr place wbkb added a new 
luneasion to the pictnrc of 
caUty. The aotiop of bdd, pro* 
iottsly represented as the fines of 
orces» abo dianyd Hs meaning and 
lOw pUys a unique role in modem 
hyaks. Fields are no longer re- 
arded as a coovauent tool of the 
ihytkal theories but a basic entity 
inderlying all events in the world. 
The idea of held stems from the 
etrch for looething comtaat and 
temal amidtt the world of chanpe 
Ad decay. Early Gmeb atomiiU, 


Leucippus and Democritus, held the 
view that matter is aa iihimnic out' 
come of the eombraatioa and disao- 
mtkm of atoms. In the pbOoaophy 
of Aristolk, mailer in iti^ was not 
belirved to be a reality bat a mere 
possibdky or *potcntia*. He imro- 
duced a vague intermesfiary Tomi’ 
by means of «4ich rnmier pnmes 
into real eustcnce In other words, 
he thought of matter as an abstiaU 
subatratam pervadtag afl space endo¬ 
wed with the powibdily of beiif tur¬ 
ned info an actuality by die impel 
i^ forte of ibrm'. DemooioB, 
on the other hand, took witter as 
the contnaoas dtiaalc sabetaace 
and attnbated to it two dirt met te- 
ram of tndedaitr dmdbdky and 
cxicanbiKty. He set o9 the Om 


RAMA KANT PANDEV 


Ite fkM coac e pi slowly o?0r 
sha dow ed otbor faidameatt 
physical concepts and i 1 mo 
dcru phyiics the elcctromagne 
tk Held b today vktved as real 


of idealistic ihinling and matnUint 
that Ibe minute particles of msUe 
by virtoe of their movem:nl ere re« 
poniiblc for all the esisling eveah i 
the univene. 

Newton, however, under inslini 
live compulsion, fell Ihe need c 
lomcthmg static and all-pervadinj 
which he symbolised in his tbsor 
of gravitation. The law of pivtU 
tioB is often ibou^ to enUil Ih 
*aetioo-at-a*distance*—meaning tbi 
the force of gravitation acts insUr 
uneously without any intermedial 
a^nt oftraiisinission. Although ih 
propositioo seems to diverge froi 
the cwly tread, an inspection i 
depth diowi that it is not much diffi 
real from the idea of muloal conu 
p i i i i ir t d by the ^eviout aiomist 




For the ilo<n> to mttia tkwir ^ 


crcteness, it is ttscntiat to ndow 
them wilb forces that het^ them 
ipert end ev(^ their ebeolute mer- 
fcs. I& cesc the ebsolute cooiect of 
etoms is not possible, the idea of 
ectiotvai-t’distance without being 
completely ruled out. simply redacts 
to do^'rangeaction. To resolve 
this dilemma it was lalcr on cootem' 
plated a necessity to introduce the 
concept of a Add. 

AMMIm of farce 

With the advent of quantum phy¬ 
sics the Newtonian concept of force 
underwent a drastic chaagr. In 
ihc Newtonian system, in absence of 
any exiernal influence, bodies are 
mpected lo move ia straight lines 
with a uQffonn vdocity: if they d^ 
viate from their straight line move¬ 
ment, their change of motion ia as¬ 
cribed to a ‘force*, la daiaical 
mechantca, force is uniquely rdaled 
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to the uGcekratioo of a body at a 
particular moment and at a specific 
point in space. But in the world of 
elemeniary partidcs not only the ac- 
cekraiioR but even the vefocity at a 
definite point is devoid of aay mean¬ 
ing. Take, for eumple. the rootMn 
of an eicciron around the oudeus of 
an atom. Although it movea ia 
space in time, H can ncilhg be 
thought ^ u a simple tny iphcee 
nor we can visualue its motkia aa a 
translation in apace aloag a trajae* 
tory. What ia moce, we caaaol di¬ 
rectly measure the force of inters- 
lion between the el ectroii and the 
nucleus by any medmikaJ device 
howsoever small, lo fact, H k not 
;x»siblt using the dassical concept 
of force, to describe the predae ia* 
leraction not only of a large mdti- 
lude of ultra-small partidm but even 
>f individual ones. 

On the cosmic scale, the P^ewto- 

lian point of view was supeneded 


thmking. The M imaguathe 
stroke Cried to dkpd the ootiou thai 
Che directiou of gnvitmioa k ^wiyi, 
^ in fwftye , towardi 'downwards*, 
i-e., the eeotre of the earth. Se- 
coodbr. the nse of orhkaJ moHoo 
of a ce.lrjiiii body araood a ceatnl 
obfeci with uifM snooty k dilb- 

rant from that appked to tte modow 
of bodiea Mder no fioeem. h » 
pika that the moooa of a body « 

thk CM k fMwmmmKy hcttg «! OC 

the mifhl track towards t^ ceKra 
of die Gkde, wMtik cmAkly mnk 
a force to pdt h towards the cMral 
object Newton, dtodoK, Hi 

accemaiy lo aane that plamii 


are tewa to the 


by a force 


Bid, today, old ^om 
concept of *drai^ haes* has 
ged. la &CI, then are no n 
Kaea in the oso^ sense of the 


There are '^odoim*, ihni iatheme 
the earvo of dsoNefl bet- 


iy F.mstein's theory of relatrvicy. ween two pomts bat iavidve 
fhe Newtonian theory, in addition both time m adJ as t fttr Eiary- 
II act ion-at-a-disia nee. brought forth thing m Uw aarvom mvo in a 
tto novd chiogK in the manner of ^odoicaeoQid^lelhebwafkttt 
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adioo. It that, owing lo 

thenatureorUwrcgiooin its vidnity, 
a body takes the eask rt course to 
follow. So it can be coiKludcd that 
the move round the san not 

hwanae they are pulled by any 
iorce' bat as it k t^ easiest thing 
for them to do. In Eiasiwnian 
a fhtim of thinp, lo treat gravUaCsoo 
as a Yorce* eaeeting aa inflocace 
On rfc^ plants that them 

move rouftd the sun k a boh. The 
pRsiuned necessity of asenbtog gra- 
vkmioc to a forae k aa onlcoine of 
oar nfneUM to give up Euclideio 
^ometry in a^ event. In the theory 
of rdalivtty, PnAiA^t^ feometiy 
Med to hold its ground and with k 
the Newtonian dedaition of force 
hns to be rdkiqnklKd. The revked 
venioo of Newton’s Brsi law of mo¬ 
tion may nnd m'*bo(bes uadktaibed 
by forces travel akuig geodesics o( 
Emttda*! sp a ce -t im e". Thk dedoi- 
ison can acoouat foe the mocioo of 
the plnnetB aroaad the son withoiK 
any rafemce lo the force of gra- 
viQr. 

However, we find k hard on our 


Mir( to rid of our old eonvic- 
ions and wish to thialc in liaa with 
he long*reUined notions of Euc- 
idean geometry. If we suppose our 
:pace to be Euclidean, which in fact 
s not, we shall And. for example, 
hat the meuuremeats of intervals 
ire not in agreement with the obser¬ 
vational results, it is reasonable lo 
iuppose that these results conform lo 
in abstract non-Euclidean geometry 
ipplicable lo the coordinate systems 
3f the so<a]led test-bodies. For an 
igency that brings about this diKre- 
pancy we use in a wider sense the 
term *6eld of force*. We can there* 
fore say that '*the field of force** 
represents the discrepancy beiween 
the natural geometry of a coordinate 
system and the abstract geomeiry 
arbitrarily ascribed to it. So. the 
new gravitational equations like 
Maxwell's equations become siruc* 
lure laws, i.e., they connect events 
which happen at a particular point 
of space and time with events which 
will come to pass a short while later 
in the neighbourhood, and serve as 
the expressions of the gravitational 
field changes. To be more precise, 
just as the Maxwell's laws describe 
the changes of the electromagnetic 
field, the new gravitational laws des¬ 
cribe the changes in the gravitational 
fields. 

FMBdalkM of fields 

We have seen how impossible it is 
to explain physical realities from the 
mechanical point of view, assuming 
that simple forces are at work bet¬ 
ween immutable particles. Michael 
Faraday (1834) and Clark Maxwell 
(1879) for the first lime attempted to 
get rid of action-at'a'distance and 
envisioned the actual mechanism of 
electromagnetic forces. They were, 
however, reluctant to give up the 
mechanical motion of electromagnetic 
phenomena. Assuming that spice 
is filled with an all-pervading medium, 
called ether, they tried to reduce all 
electromagnetic phenomena to me* 
chanical motions in ether. But in 
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the light of further investigation, 
this hypothetical medium turned out 
to be elusive and was finally buried 
by Einstein's theory of relativity 
(Figs. I and 2). After the futility of 
ether was proved, it transpired that 
it was totally impossible not only 
lo build up a mechanics of ether but 
even to delect any motion with res¬ 
pect to it. The most remarkable 
aspect of this process was that Max¬ 
well's elegant mathematical formu¬ 
lations remained intact. butthemein- 
ing of the terms 'electric field* and 
'magnetic field* became dilTereni. 

In view of the non-existence of an 
'universal fluid', viz, ether, lines of 
forces no more signify invisible 
'strings* acting beiween material 
poriicles but they represeni the dis¬ 
tribution of a field in space. The 
new field theory claims that to 
understand the action between two 
charges it rs not necessary to des¬ 
cribe the chai ges themselves, but 
the field existing between them. 
Tbe idea of field gradually grew up 
in strength to such an extent that it 
deprived matter of its former supre¬ 
macy as the ultimate reality of the 
universe. Th<; emergence of field 
as a new rea'.ity was taken to be an 
event of viird importance in physics. 
The field r.oncepi slowly ovenhado- 
wed other fundamenial physical 
concepts and it is no wonder that in 
modern physics the electromagnetic 
field is today viewed as real. 
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After discarding the mechanical 
viewpoini. it was found that field 
concepts are most infallible in the 
realm of electromagnetic phenomena. 
The electromagnetic laws were wea¬ 
ved into structural forms—the forms 
which connect any two events in 
spatio-temporal perspective (i.e.. in 
four dimensional space-time conti¬ 
nuum) taking place in close proximity 
to each other. These structural for* 
mutations arc invariant with respect 
to the Lorentz iransformations and, 
therefore, are compatible with the 
special theory of relativity. Fur* 
ther, I he development of general 
theory of relativity modified the gra* 
vitaiional laws into structural forms 
giving a succinct account of the gra* 
vitational field between materia) par< 
tides. Ii is not far to see thai 
Maxwell's equations may also bt 
easily general)red so that like Iht 
gravitational equation of the genera 
theory of relativity they could fi' 
into any coordinate system. 

Matter aad fieM 

In the long run we are leA will 
two realities: matter and field. Re 
cent developments in physics demam 
that we have to preserve both th 
concepts to deal with the events 
whether they take place inside th 
tiny atoms or in the vast intersletla 
space. But it is worth pondering a 
to why one should regard matter an 
field as two distinct and diflerer 
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slides? We ean think of an ultr& 
nail bit of mailer having a sharp 
oundary where its surface ends and 
s gravitational field begins. We 
in imagine in a naive manner tbat 
^ere is an abrupt cul-off between 
le extension of matter and the region 
f field. It is difficult to discern 
physical characteristics which 
raw the line between matter and 
leld. -In pre-relaliviiy trend of 

Kinking, one could have easily as- 
umed that matter has mass and 
ield is devoid of any mass^mailer 
ignlhes mass whereas held displays 
nergy. But the theory of relativity 
elK us that matter and energy being 
nterconvertible. there is no qualiu- 
Ive difference between them. We 
;nov. that mutter is a concentrated 
drm or energy und energy is a tenu* 
>us form of mulier. Jt is. therefore. 
mtenahU* to tli>onguish matter and 
ield 01 ter 111 '< of mass and energy. 
We cun TMihcr ilnnk of uutier where 

hcenormouAConcenuaiionofeneigy 
occurs und •*! field where the amass, 
nent of energy r> cxtrctnelynttenuai' 
»d. Our argument suggests that it 
inreasontible to regard matter and 
ieid as two unrelated and qualitati- 
/ely different entities. Jn fact, It is 
mpo^sible to draw a line of demir- 
:ation between the two and to trace 
he point where matter ceases to 
•xist und field comes into play. 

The division of physical reality 
nto matter and field seems to be 
sased on some vague grounds parti> 
mlarly in the light of the equivalence 
jf mass and energy. The situation 
became more piquant when it was 
further found that the electromagne* 
uc laws and the laws of gravitation 
break down in the domain of highly 
:oncentraied energy, i.e.. where in 
electric charge or a mawrial particle 
IS present. On the other hand, it ii 
hardly possible to deal with the phy- 
deal problems by taking only the 
matter concept into account. The 
;rux of the question is to get 
ihc electromagnetic equations and 
;he gruviUtionul law** slightly modi* 
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fied, so as to hold good in all space 
even where the concenintion of 
energy » high. If the concept of 
matter alone cannot do. it would be 
better to reject it and build physics 
based on pure fields. In that cose, 
instead of taking matter as the cul¬ 
mination of energy, we may view it 
B<>uprovmceof space where the field 
is utterly potent. It would be belter 
to begin with the field as the only 
reality and express the laws of elec* 
tridiy, magnetii^m and gravitation in 
such a manner that they explain 
every event of nature everywhere and 
at all Irmn. 

Rcallt) of fteW 

The idea of field is worth further 
analysis. Jt is a natural corollary 
of the curvature of space to abandon 
the concept of absolutely empty 
space and to regard it as a mainstay 
not only of the matter but also of the 
fields. We can think of space as 
a subtle continuum extending all 
around in which every interaction 
manifests itself. No ^ject in space 
can remain apathetic to the other 
objects around it, i.e., they are bound 
to interact and clib interaction Is just 

an expressioa of the field, lo fact, 

a field comes into play at any point 
in space where a physical event makes 
itself evident. Therefore, we can 
conclude that fields are always in ex¬ 
istence everywhere, oot only beyond 
the bodies but wit hi o them as well, 


as there even remain unfilled voids 
inside the minutest particles. In 
fact, there are fields within the 
fields. It is of interest to note that 
the remarkable features of fields are 
their ubiquity and universality. 

It it important to note that field) 
are always at rest with respect to ar 
observer. In other words, a fiek 
produced by the moving charges is oi 
the same nature as that produced b) 
the sUtionary ones (Fig. 3). W< 
know that any change of the electrii 
field due to the motion of a charge i 
always associated with a magneii 
field and vice versa. Now, fo 
example, if a current is passin, 
through a wire, one may betemptei 
to ask whether the magtietic field i 
•linked’ with the wire or with ih 
electrons whose flow is responsibl 
for the field. In this case, we may fim 
that the velocity of the particles forin 
ing the wire has little to do wit 
the total electromagnetic effects ob 
served outside the wire. In faci 
it is the amount of the flowing cui 
rent that matters and the field ma 
be regarded ’linked' with neither th 
wire nor the electrons but with tb 
observer. Tlierefore, it must b 
borne In mind that although in som 
cases the concept of a moving fiel 
gives the eoneci solution to a prob 
lem. to regard the field as moving it 
however, erroneous. The probler 
of the reality of fields becomes mor 
complicated as we do not aciuell 
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bserve the fields but tbeir effects 
nly. In any event, for all practical 
urpolKb« the fields do ealsi, in 
owsoever subtle form, and they pos- 
iss energy and momentum like 
ny other physical entity. 
Intangibility of fields is another 
haractcristic that distinguishes them 
'em matter at large. Fields whether 
uclear, electromagnetic or gravita* 
onal are all impalpable whereas 
latter is quite tangible and material, 
he perception of field, however, is 
ot beyond possibility. The motion 
r any body in space speaks of the 
ction of the field. In wider pers* 
ective. for instance, a stone thrown 
no space ca n be v iewed as the move- 
lent of a highly concentrated field in 
field of extremely low intensity. 
In 1900. Max Planck broke a new 
round by attributing an atomistic 
haracter to the electromagnetic 
eld^ and at the turn of the last cen* 
iry it was esta bished that light is ■ 
innifestation of (his typical field. 
instein*s photoelectric effect further 
dded to ilirtother dimension of far* 
;aching importance, namely, that 
ie electro magnetic fie Id is quantized 
nd the quanta of the field are called 
ho to n s. It is co nee i vable tha i p h o* 
>ns explain the paniculate nature 
f the electromagnetic field, fn 
ubsequent developments, it be- 
ame evident that photons, the 
adiant bits of field, can impart mate* 
iai impact on thin metal sheets and 
ject electrons out of them. More- 
ver, it was discovered (hat light 
; capable of exerting pressure on 
odies—implying that the quanta 
f electromagnetic field possess mass 
nd behave as an altar ego of partt- 
les of matter. 

French physicist Louis de Broglie 
192^), on the other hand, put for- 
mrd his brilliant theory of matter- 

mves and tried to bridge the gap 
«tween matter and field from the 
►ther edge (Fig. 4). According to 
ils theory, an intimate relationexisH 
letwcen waves and particles not only 
n the case of radiation but also in 
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the cave of matter There is always 
a wave associated with a moving 
particle of matter and the particle is 
governed by the wave in a fashion 
icsembling that in which a photon is 
kept in control by a wave. As is 
known, the pethofa pencil of mono¬ 
chromatic radiation is determined by 
ihe wave theory, while the amount of 
energy transaction of the same beam 
is measured by taking recourse to the 
quantum concept of energy. From 
this principle it is concluded that 
though charge, mass and energy of 
an electron are noiiceablt in particle 
form, a beam of electrons could have 
wave properties. It means, there¬ 
fore. that matter can behave in a 
field-llke manner. 

On account of this dynamic and 
non-material interpretation of field, 
the boundaries between matter and 
energy have become blurred. The 
points at which (he strength of field 
is enormously large, its material 
properties become prominent and we 
envisage them as the panicles of 
matter. For example, according to 
the field theory an electron can be 
taken as a microscopic region of 
electric field where the intensity of the 
field is greatly enhanced. In case, 
(he concentration of field in a small 
belt of space becorrtes dispropor¬ 
tionate. the transmission of energy 
lakes place without the points of 
lowest energy being sharply difieren- 
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tiated from the rest ot the fieh 
According to the German ma themat 
ciart-physicist Hermann Weyl (1923 
the phenomenon happens in exacll 
the same way a& a wave move 
onward across ihe suiface of stt 
^hen a stone is thrown into a poc 
of water the waves go on spread!n 
in ever-widening circles. If w 
observe a float on the waves we fin 
that imiuling the particles of wau 
it only oscillates, bobbing up an 
down, on each side of a certain met 
position but does not move alon 
with the running waves. Similarly 
we can assume (hat it is not th 
actual quanta of field but the dii 
turbance produced by them thi 
passes forward from place to plac 
in the form of waves. It is agaim 
this background that Werm 
Heisenberg (19S9) contends (he al 
pervading unified physical field ■st^ 
ultimate substratum of the univen 
that possesses simultaneously ih 
attributes of coniinuousness an 
diKreteness. By virtue of cont 
nuousness, the unified field embract 
all expressions of existence from sup 
rnova to sub-quantum fragments, an 
being discrete, it characterises the qti 
antum natureof elementary particle 
The concept of field is indispensabl 
because its measure gives us power i 
predict the possible behaviour of th 
particles without needing to know (h 
nature of the sources that produc 
the fields. The importance of field 
can best be summed up in the word 
of Sir Arthur Eddington, "you 
particle of matter is not fundamenta 
it has no meaning in itself, what yo 
are really concerned with is its field - 
and matter cannot be thought c 
apartfrom its field’*. It is the field tht 
will carry energy and informatio 
across the vast distances for all tim 
to come. Our universe consists of a 
lofiniulv large number of events an 
every event, whether subatomic r 
stellar, is an expression of the subtl 
interplay of fields. So. it would n< 
be wide off the mark to say that ih 
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L ife on eanh exisu in innumer¬ 
able forms. It constUuies 
^ha( we cal) the earth's biological 
nvironment or the biosphere. 
iarth's biosphere is enveloped by. 
nd owes its existence to. a gaseous 
lediurn called the atmosphere. The 
ravitational pull of earth is bolding 
he atmosphere around its surface. 
:onsequenl1y. the atmosphere is most 
ensc near earth's surface and be- 
omesthinnerat higher altitudes. The 

)west and most dense region of 
arth's atmosphere is troposphere 
fhkh extends upto about 10 km. 
*his region of earth's atmosphere 
ontrols weather and contains iO 
er cent of the total*atmospheric 
as. Above the troposphere are 
w other regions of atmosphere: 


stratosphere (U km to ^km), meso¬ 
sphere <31 km to 100 km), thermos¬ 
phere (100 km to 400 km.) and ex¬ 
osphere (above 400 km). 

The atmospheric air is a mixture 
(not a compound) of gases, mainly 
nitrogen (78.08 %), oxygen (20.95%), 
argon (0.93%) and carbon dioxide 
(0.03%). Both, the atmospheric air 
and the surface of the earth, are sub¬ 
jected to radiations from the sun. The 
consequence of sun's radiations on 
the upper atmosphere is that certain 
radiations are absorbed by the atmos- 
phenc gases leading to ionization 
and/or dissociation of gases. In 
lower mesosphere, the atmospheric 
oxygen gets dissociated and iub«- 
quently combines with molecular 
oxygen of upper stratosphere thereby 
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yielding ozone. The reactions are: 
0, + hv O -h 0 

O + O, + M - O. f N 

The vertical distribution of ozor 
extends roughly between 10 ki 
to 80 km with its peak coi 
centralion at 25 km. This region t 
the upper atmosphere is also calke 
ozoDOsphere. The total atmospher 
ozone contributes only a few mill 
onihto the total ground level prtssur 
Such constituents that are no tnoi 
than a few millionth part of the toti 
atmosphere are known as the miw 
constitueDts of the atmosphere. Bi 
tides ozone, the other minor const 
tuenU of the atmosphere are neoi 
helium, kryton, xenon, radon, h] 
drogen and water vapours. The a 
aospberic ozone plays a very impoi 





at role in biosphere. Ozone nb* 
»rbs all the solar ultraviobl radii- 
ODS of waveleflfth less than 29QM 
Angstrom, X; 1 A 10^ cai) 
imI partially absorbs wavekngths 
rtween 290D a” and 3S00 A. The 
unosphere is heated because of this 
!>sorption and the earth's biosphere 
shielded from the lethal radiatioas. 


we dcptrttaa 


The supersonic conmercial air* 
ners fly at ozonospheric enmng 
ititudes and emit targe quantities of 
iiric oxide (HO). It was in 1971 
lat P.J. CurUen and his collabora- 
»rs of National Centre for Atmos- 
Iterk Research at Boulder, USA. 
Dinted out that the supenonk 
ansport (SST) fleet could add signi- 
cant quantities of NO to the normal 
so nosphere leading to considerable 
Auction in aimospherk ozone 
trough the reaction: 

NO -h 0, NO, + O, 

NO, -I- O -» NO + O, 


O -I- O, 20, 


he net result is that NO increases 
\t rate of O, destruction with no 
hange in the concentration of NO. 
his catalytic cycle could go on i*- 
efinitely, resulting in the destruction 
r a large number of O, molecufes. 
Consequently, the intensity of solar 
Itraviolet radiation that reaches bio- 
phere will increase. Several estimates 
ave been made regarding the extent 
f ozone depletion by the super- 
onk aircrafts of different types, 
iflerent fleet sizes, flight tittsei and 
mission standards. The extent of the 
fleet is found to be dependent on the 
llitude of the flight. If 300 Boeing 
»STs are flown 7 to 8 hours per day 
or an year at a level of 20 km, their 
ffect would reduce the global content 
if ozone by about 10 per cent to 20 
creent. l^is reduction can pose a 
onsiderable dinger to the biosphere. 

Unoipberk vdsar cxplaiiMi 

The atmospheric nuclear exploa- 
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•onsalso add signiftcani qaaatities of 
NO in the aonail otoaospbere artd 
tend to reduce the aimospheric ozone. 
However, in saderground aucimr 
explosions practiolly no addition 
of NO to the Bonaal oroaosphere 
ts known lo take piece. 


la raodera ualuslry. the fluoro- 
chlofomrthaae. mainly diflurodi* 
chtorofKlfaaae (CF^CI,) and fluoro- 
chloroforaifCFCI,). are widely used 
in refrigerators and as propellael 
gsses in aerosol tins. Their widesf^ 
read oe releases CF^G^and CFCl, 
into the atmosphere. CF^CI, and 
CFO, are iaert ia lower atmoi^re. 
but are de s tro y ed by the uhravtolec 
ridiatioB ia the oaoaosphere. Chlo¬ 
rine k ftieaaed in the process. 

CF^ + h» CF^ -h a 

CFO, + hr -*• CFO, H- O 
CUofftae kalso Reeled into atmos¬ 
phere by voteank eraptiom and a 
fraction of it irachet oaonosphere. 
In ozoao^here, cUoriae attacks 
ozone in a catalytic maancr: 

a+0r*CI04O| 
00+0-rO 

Q,+o..ao. 


The time constant for this reaction 
b also large. It will be 40 years 
before the full efleci will be fell, it 
is cslimated thst the tots! ozone 
decreases by about 6.5 per cent in 
this process. 



Wrih the drplelion of aimoipherk 
ozone there is danger of the increase 
in the flux of ultraviolet radiation 
over earth's biosphere. The range 
of wavelengths paitkulariy affected 
by the changes in the atmospberk 
ozone is from 2900A to 3200A. All 
the known effects of these radtalions 
arc harmful. The effects are skin 
cancer, stoppage of liuue growth, 
albumen coagulation, and ecological 
disturbances. Quantitatively, tb' 
effect of increased UV-radiation on 
a biological ^tecimm is deaenbed 
by a parameter called tbe erytbenial 
dose which nr 

D= ( E(W. (»). F(W dh 
A 

where H (h) describes the relative 
response of a biologicai specimen 
to UV-ndiatbo as a function of 
wavekngth. (b) is the rele¬ 

vant aobr UV-flux. F(h) b tbe 
factor inenare in UV-Buz rateasity 
dae to ozone reduction. 
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Cticulitiont show that the ery- 
themal dose increases by about 
23 per cent for a 10 per cent irtcrease 
in ozone content. The increase in 
rrythemal dose is related in an almost 
linear manner to the increase In skin 
cancer (or mortality). 

Adtanced research hi lodia 

The possible effects of pollution 
at stratospheric levels are of global 
concern. Consequently, during the 
past 6ve years the problems of under¬ 
standing the faciors that control the 
distribution of minor consiiluents 
(especially the ozone) in the meso¬ 
sphere and stratosphere have capti* 
vaicd (he attention of atmospheric 
scientists. In the U.S.A.. the Space 
Shuttle his been planned which will 
he equipped with a space laboratory. 
It will have an atmospheric science 



Pacililv for observing the latitudinal 
ind seasonal distirbution of minor 
constituents throughout the mesos¬ 
phere and stratosphere {Sdemifk 
Uses of the apueg Shuttle, 1974, 
Report of Summer Study. National 
Academy of Sciences. Washington, 
D C ). In Belgium and Canada, the 
xtUoon borne spectrometer measure- 
nents of NO and NO^prohles tn the 
drain sphere have been made. These 
neasurements have indicated a signi- 
leant pollution of stratosphere by 
*^0 and N0| concentrations. In 
ndia. research in this field of 
ipplied interest is being carried out 
It (he National Physical Laboratory, 
Mew Delhi,under the direction of 
Dr. A P. Mfira. Recently in Nov¬ 
ember 1975 he pointed out that the 
chemistry of NOi and HOx com- 
>ounds may substamially alter the 
itmospheric ozone layer that protects 
ife on earth from the harmful solar 
iltraviolct radiations. The possible 
hreal to the ozone environment due 
0 ejection of nitric oxide by supe^ 
onic aircraft and atmospheric ouc* 
rar explosions and also due to chlo- 
inr arising from the propellants 
led in aerosol cans or emitted by 
olcanoes, have been a focal point of 


Fig. a. NO« rlf bfry nm 

Indian studies in the last few years. 
The problem whether supersonic 
aircraft at stratospheric altitudes 
could mfluence climate, agriculture 
and human health has received 
special aiieniton of Indian resear¬ 
chers. The mathematical modellrng 
of stratospheric NOs and ozone pro¬ 
files H the key step in the investiga¬ 
tion of this problem. The major 
steps of the eotire cycle of NO. 
chemistry affecting stratospheric 
ozone concentrelioA are: (i) the 
oxidation of NH, which yields NO; 
NO is also formed by the decomposi¬ 
tion of or as a result of ion- 
molecule reaclioos: (ii) NO so form¬ 
ed atUcks the 0, to form NO,; {in) 
NO, is partly converted back into 
NO through reaction with O or by 
photodissociaiion, and is partly con¬ 
verted into HNO,. The reaction ends 
with a sink In the form of nitric acid, 
that eventually is* assumed to fall to 
earth as a prccipiution. The inac¬ 
tion is: 

NOg + OH -t- M -a HNOg M 
This cycle of reactions has been 
compuier-sioultted for the model 
stretospherr. TIk resolu show that 
the extent of danger posed by U» 


la te^em la rhe armsislwre 

current SST planes is real. This li 
turn necessitates further Investiga 
tions on Issues like aircraft engirt^ 
design and effluents, consequences o 
effluents, skin cancer, options am 
predictions, etc. 
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WEED MENACE 

IN INDIA 

Weeds contioiie to be t menace 
to cultivation of crops 


T he Usk of inctta$ing food 
production has many problems. 
3ne of the most fromidable is the 
control of weeds which affect our 
:rops by competing for light, space, 
vaier atid nutrients. More water 
md nutrients are required to raise a 
onne of weeds than to raise a tonne 
)f any other crop. 

Weeds arc also a nuisance to man- 
(Ind in many other ways. Lontana 
'umara L., which was introduced in 
ndia as an ornamental plant from 
Central Amcric’t. has made many 
stretches of valuable sal forests 
Aseless. On the slopes of outer 
Himalaya, it has extended in a big 
vay rendering useless large areas 
ised as pastures. Even cultivated 
and has been invaded by it and some 
>f the villages are in danger of being 
aid waste. Besides the colonisation 
3f areas, Lantma is responsible for 
severe forest hres damaging standing 
'rops. During sunimer its areas 
t>ecome highly susceptible to fires 
3n account of iudry leave sand twigs, 
fhe fire spreads to the boles aod 
:rowns of trees through its straggling 
thoots. 


has spread like wild fire in I ndia in the 
last few decades. It has become a 
menace to agricultural lands, road 
and rail sides, plantations and fore si 
areas. Since 1900 when this weed app¬ 
eared in India, it has been noted in 
jungle clea rings particularly in places 
where teak is artificially regenerated, 
h is a serious menace to the teak 
saplings depriving them of the much 
needed sunshine for their growth, 
and also smothering all vegetation 
including the ubiquitous Umtam/. 

Anyone visiting Cixhin (Kerala) 
and taking a boat ride around the 
port will have noticed that the water 
surface is practically choked by a 
leafy growth popularly known as the 
'water fern'. This plant. Sahmia 
moiesfa (a fern ally of the Stihittia- 
cfoe), has in the past few years spread 
all over Kerala's backwaters and 
hydel project reservoirs. A native of 
South America, it was carried to 
other countries notably East Africa 
and Ceylon and it is suspected to 
have come to India from Ceylon. 
)i has spread via boats aod other 
human agencies to the backwaters 
where it is now menacing navigation. 

Anotherfloatinghydrophyric weed 
like Sfihmki is Eicfthcmic cwsipes. 


a native of Brazil, which wa: 
introduced into India for its beauli 
ful flowers. The plants complelel; 
cover the water surface like the corl 
of a bottle. They pollute drinkinj 
water when they die and decay am 
provide ideal breeding sites fo 
mosquitoes. By invading large area 
and occurring in deose stands, the: 
impede free movement and use o 
water in irrigation systems, bloci 
waterways and also interfere will 
fish culture. 

An obnoxious and pernicious weed 
Parihenium hyittrephorux L.. top 
the seven most dangerous weeds o 
the world. Today it has sprea> 
throughout India. It came to Ind* 
from South America alongwithwhea 
shipments in 1950s. It is the mot 
aggressive weed spreading over t 
cultivated lands, farms, orchardi 
fallow lands, vacant spaces, factorial 
plantations, sides of streets, alon 
rivers, streams, around house' 
parks and hopsitals. The magnitud 
of its propagation is vei 
well seen in South India. T\ 
plant comes up everywhere rapid 
and crowds out the native vegetalioi 
>1 grows fast, sucks nuirienU fro 
fields and surves the crops. Cow 


Eypatoritm. popularly known as 
'communist we^' (a Mexican weed). 
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>ufra]oes and goau will not touch lil 
Seither h«s it any natural enemtes 
ike insects or diseases caused by 
nruses, bacteria and fungi. This weed 
s widely reported to have caused 
:otnpiicated skin diseases and is said 
0 be responsible for some deaths. Tbe 
tollen grains of the weed float freely 
n air and are reported to have caused 

Jlergic diseases like denBatitiSr 

ever and asthma. It causes eczema- 
Old dermatitis with symptoms like 
tching around the eyes, which then 
preads to other areas. There is 
Iso a correlation between (he inci- 
ence of disease and the weed popu- 


latioo. This weed has been declared 
by the Karnataka Covemment as the 
most dangerous weed of tbe present 
timp. 

Meetiag the ehalleige 

Changes in agronomic practices 
and clearing of forests over the years 
have often made the environment 

increasiagly viebk for weeds. But, 
what has k^n gained as a result of 
the efforts of our sdentists and 
workers should not be lost to 
weeds. We are now compelled to 


tn aastem India, weed rice (Oryi 
nfipcfoH) is a aefioiis peat of padd 
fields, lodiaa plaat breeders ok 
developed some distinctive purph 
leaved cultivars so that farmers cool 
dhtioguish weeds from cultivated rk 
at an early stage aod clear their field 
by pulling them out. Within 
few yeartfc however, due to the fr< 
gene flow between the crop and lb 
weed, the weed rice bad picked u 
the purple-leaved character I Sue 
weeds cannot be easily eradicated b 
spraying or by biological method 
because they and the crop plani 
amongst which they grow belong t 
the same genus. 

fbe physical and chemical method 
of control and eradication of weed 
are usually advocated. Accordin 
to one estimate, there is an area c 
about 10.000 acres of plantation ao' 
forest infested with Buparorium I: 
Kerala alone, and weeding costs b 
conventional methods will amoun 
to Rs. 2 lakhs annually. Anothe 
estimate has shown the cost o 
Lantana eradicatioQ by weedicide 
ranging from Rs. 251 to Rs. 72 
per acre. 

The total area of the waten ii 
Ghana bird sanctuary, Rajasthan i 
about 1000 acres out of which 60< 
acres are badly infested with watei 
hyadfllh. In 1960, for the firs 
time manual labour was employed 
to eidiiicate waici hyacinth but ii 
was found that with such a largt 
periphery It was a very laborious 
taak. Then 4% solution in watei 
of 2y 4-D Femoxone was sprayed 
with mechanical power sprayers. 
The strength of the solution was 
ineffective. $% solution was then 
used and an area of 329 acres was 
treated. The total quantity of 2, 
4-D Fernoxone used was 1374.1 kf 
valued at Rs. 9.126. In the spraying 
operation the cost of petrol aod 
mM\ oil is said to have amounted to 
Rs. 558, and Rs. 5791 wu spent on 
labour. The total expenditore 


resort to all available methods to including misoellaneous expensaa 
eliminate them. amounted to Rs. 15,536. 
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Eupatorium ghnduhstmt 


Mechtnicai rcmovt] of Parthtnium 
\ also out of question. 2»4>D is a 
try expensive weedicide to be used 
or smalMeaved weeds like Fortht» 
ium. Moreover, weeds '.ave a 
remendous capacity of developing 
esistance to weedicides. Further, 
he weedicides, in turn, pose hazards 
0 humans, livestock and wild life 
nd upset the ecologicAl balance. 

Will biological control work for 
he eradication of weeds? Paulmia 
\ccuminafu, a bug, is found to feed 
>n leaves of Satvinia and is a positive 
leans for the eradication of Saivi/iia. 
lul look at the case of Laniana. 
'‘fU’Memic scrupuhsa was imported 
fom Australia to India in 1941 for 
liological control of Ijmranc. This 
»ug is a native of Mexico. The 
mported bug successfully completed 
t$ life cycle on LcoMona but the 

dentists of Forest Research Instihite, 

>ehra Dun. found that when Lantona 
vu not piovided, H attacked 
economic artd important fonat 
'Peciet particularly teak iDfloreS' 
ences. As a result, the bug was 
iot released for biological control 


of Lantanu and all the bugs were 
destroyed. But in spite of the 
quarantine conditions, some of the 
bugs escaped from the F.R.I. tabo* 
ratory and an alarming note had to 
be issued to the foresters to conduct 
a survey of this bug in their respective 
localities. One cannot predict that 
a predator or a pathogen is absolutely 
specific to some weeds. At some 
time or the other they lose their 
speciftcity and switch their feeding 
habits to other plants, otherwise the 
predators have to face extinction 
along with the weeds they are specific 
to. 

Making nw of weeds 

There are some who believe that 
we can control the spread of weeds 
by ulilssing them for human welfare. 
Extraction ofa kind ofiosect repelling 

essential oil and preparation of 
manvial ash from Eupatorium have 
been suggested. It is supposed to 
contain a hi^ percentage of 
phosphate and potash aod may also 
be used in the cultivation of potato. 
Eichhomia is being used as fodder 


for cows and buffaloes and klso u 
manure. Several weeds are also 
used as high protein content rough¬ 
ages Poriftenium is reported to be 
used as a powerful tonic, febrifuge, 
analgesic in neuralgja, in dysentery, 
etc. The plant conuins parthenin, 
a bitter glycoside, which is supposed 
to be active against cancer. Since 
the plant is highly resistant to all 
plant pathogens and insect predaton, 
it would be worthwhile finding 
out if the extracts of plant could be 
used on a lar^ commercial scale 
as pesticide in place of expensive 
chemical pesticides. The question still 
remains: how to overcome weed 
menace and harvest them for success¬ 
ful agriculture and for human welfare. 
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lodian razor blades have yet to attain the excelleacc of the 
famous foreign brands 


r HE razor Km undoubtedly been 
used by the encienl Egyptians 
nd Romans. It was used in India 
Iso. as is evident from the clean 
haven figures in the frescoes of 
ijanta. This is not surprising since 
Dcient India produced high quality 
tecl much in demand for sword 
naking. There are records, that 
Alexander the Great inuoduced 
having among his soidicra. Since 
hen. however, the iostruj&eot used 
or shaving has undergone changes 
n shape and size. The open type 

lollow ground barber raecMV are aot 
iHcommon even today, although 
hese have been largely replaced by 
afety razors which were introduced 
t the beginning of the 20th century. 
*He safety razor is provided with 
uards, on both sides of the cutting 


edge, which restrain the edge from 
digging into the skin. Development 
in razors and improvements in the 
quality of the Uades resulted in a 
large acceptance of safely razor as 
the instrument for shaving, and today 
it is a commodity of everyday use in 
all parts of the civilized world. Blade 
manufacture is an important industry 
in several of the indnatri^y advanced 
countries of the worid. In India too 
this industry has assumed importance 
and the commqdity produced Is 
exported to Middie*East, South East 
Asia. Africa and indiutrially deve¬ 
loped countries like the USSR and 
West Germany. 

CarbOT steel blades made from 
high carbon steals, containing about 
1.2% carbon, have been used in 
safety razors since their introduction. 
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However, lately these are bein^ 
largely replaced by stainless stee' 
blades because of their supcrioi 
performance in regard to shavinj 
comfort and durability. The increa< 
sed use of stainless steel blades ii 
doubtless due to their availability ai 
reasonable price and complete repla 
cement of carbon steel blades b) 
them in the near future is quit< 
probable. 

The property requirements of the 
steel for use in the manufacture oi 
safety razor blades are high hardness 
corrosion resistance end amenabi 
lity to a coating process by a suitabh 
polymer. The straight chromiun 
hardeaable grade of stainless steel i 
highly suitable for this purpose anc 
now it is being used extensively foi 
blade making. 
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High hgrdoeti ^ achieved through 
eii treatmeni of ihe steet, which 
tpendi OD the allotropic trails* 
>rmation of iron and its aUoys. 
In heating to a bright red heat, the 
ted transforms from its room tern* 
erature form called ferrite to 
ustenite. The latter has a higher 
olubility for carbon than ferrite, 
liii change in ahotropk form, from 
aritc to austenite on beating, 
as a far reaching significanfce which 
as made steel the most important 
idustrial material today. The steel 
>n sufAciently fut cooling from high 
smperature, when it is in austenitic 
oodition, docs not transform into 
srrite but to still another form 
died martensite. 

Martensile is the hardest form 
I which steel can exist, and the 
Kief object of heat treating a steel is 
) obtain it in this form. However, 
larlensiie in this condition is brittle 
od it is necessary to soften it. This 
rocess of softening martensite is 
KhniciUy known as tempering. In 
te hardenable grade of stainless steel 
sed for blade making, carbon is 
resent in excess of the solubility 
mit. Consequently, besides carbon 
i solid solution in austenite, there 
(ist small dispersed undissolved 
articles of carbide. For this reason 
'hen the austenite is fast cookd to 
)om temperature, the martensite. 
Iso contains these undissolved 
■rbides. In hidt alloy steels, indud* 
ig the hardenable stainless steels 
sed for razor blade making, a part 
f austenite escapes transformatton 
nd is present as what is called retain* 
d austenite at room temperature. 
LI this austenite is an undesirable 
onstituent, attempts are made to 
ransfonn it into martensite by cool- 
Bg to sub*zero temperatures in the 
sngcof — ^Cto^SO^C. Following 
his treaunent, the steel coolaios only 
lartensite and carbides and is tern* 
lered to moderately high tempera* 
iires to eliminate the brittleness of 
sartensite, at the cost of losing some 
ardneis. 


The above describes the outline 
of Ihe heat treatment adopted for 
several steels. We have not so 
far mentioned the particular properly 
conferred by the element chromium, 
which is an essential constituent of 
all stainless steels. It has been found 
that steel must contain at least about 
12% chromium to become luinless. 
This amouni of chromium forms an 
extremely thin and continuous pro* 
teciive layer or 51m which renders 
the steel suioless. All stainless razor 
blade steels tberefore contain more 
than 12% chromium. Another 
advantage which has gone a long way 
to make stainless steel suitable for 
nioi blade is the ability of the steel 
to take a polymer coating which is 
responsible for the comfort of 

shaving. 

Fig. I represenls a section through 
one edge of a safety razor 
blade. U shows that the ultimate 
edge is formed by the inter- 
sectlMk of the two facets (F^. F^) 
whidt are themselves supported by 

two pairs of facets {F» aod F*. Fi). 

The angle between the ultimate facets 
is called the flank angle. The other 
important parameter of the razor 
blade edge is the tip radius shown In 
Pig. 2. On account of the limitations 
of the hnishiBg operaiioas. the ultl- 

4»l 


mate edge of the blade is rather ill 
defined and the tip radius R, a 
shown in the figure, is taken as i 
measure of sharpness. 

It is believed that for miximun 
comfort of shaving, the force require! 
for the pensiratjon of hair by tlv 
blade edge and the movement of tiu 
blade edge through Ihe hair aAer lb 
penetration should be minimum. The 
force required for the penetralior 
of the hair depends on the tip radiui 
and decreases as the tip radius decrea* 
ses. However, the force required foi 
the peoeiration of Ihe hair is small, 
compared to the force required foi 
subsequent movement of the blad< 
edge, and is determined by the Banl 
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aad coefidcBt of ftiedoa 
betweca thehiir aAer pcfletntMB AAd 
the blufe ed^. Oevdopoeats id 
die nzor bbMk icdiDology law mode 
it possible to coil the cdpes «ncb a 
itiitabic polymer lo that the eodli- 
deni of frklioo betwee a the hair 
(pcsetimted) and the Made ed^ Mr- 
n srettly reduced, it is evident 
dareforc that low tip ndius* low 
flask angle and low codficient of 
fridioa of the blade edge surface 
make an ideal blade that gives a 
comfortable shave and alio has a 


reasonable service life. 

Tlicre arc. however, limits to whkh 
the tip radius and the flank angle can 
be mifuiDtMd. Beyood a cartala 
minimum, the tip ndiiis causes the 
edge to behave plastically os applies- 
lion of even a very small load. It has 
been found that for a wdl-made 
Made, the tip radius should be of the 
order of lOOD to 3000 Angstroms, 
equivaJent to hundred thousandth of 
ooe to three cenlimetics. On the 
other hand, if the flank angle is redu¬ 
ced below a minimum value, the 
ilrength of the edge decreases and it 
becomes prone to failure. For the 
best results the (lank angle should be 
limited betwee n 19 to 26 degrees. 
It is apparent. thereTofe. that for the 
bea properties, as regards the comfort 
ind doeeness of shave and the dura¬ 


bility of the Made, the optimua 
values of the tip radius and (he 
Sank angle are achieved and Che 
ooelficienl of frictioa of the blade 


edge suffice is minimised by a poly- 
mer coating process. 

As has been indicated earlier, the 
jltimate edge of the blade is rather 
ll-de/ined and it ends tip in irregular 
diaped structures (Fig. 2). These 
structures dig beneath the u^Kfinost 
issue of the skin, the epidennts. 
idow whidt are the sensory nerves, 
rhe digging q( the epidermis 
iter-shave irritation specially when 
A aAer-shave lotion ts used. To 


ounleract this ill-elTect, a vacuum 
lapoiitioA method has hecn develop- 
4 in which atoms of a noMe metal. 


Ukt phiinn, are vnenm dfgmied 
on ^ td§t to imorU h r n onS the 
ifTCfuiarhio of the nttimnie edge 
prodaced by the medbaakal sfaarpea- 
iag piwm , The latest devMopmeat 
in tU field it the depoBtion of iittr- 
fBrtaflic componadi. whkh ■ addi- 
Isew to the ed pa aho 

cooler corrosMw reiktance and 
hardiwm to t^ edge. 

Mannfactwiag saleCy ran Modes 
k aa mtrkalc p i oeesa Apart from 
metaDargkal control, it fe qak e s the 
ikflb of mcshaaial, ckcSrial and 
r -K f est^Bcen in deihiag Che 
(rain. Btades are maoa- 
factured from str^ of tklCham 
of hardeaahle grade chro- 
mtintm Aaialcm MccI 
chromjam from 13% to 1S% and 
carbon <k5S% 10(1.90%. The am- 
tactariag p rocem coamms of paaeb- 
iog the strips foBowadby coaiiauows 
de^easiag, heat-treatmeat. mrface 
pamivaCioa, pviatts^ ginaliag aad 
hoaing of the ed^a. flroppta^ chaa- 
iagaod fiaaDy coatiaglhecd^ with 
a saitaWe polymer. The heat-treat- 
meot r******** of ndaal ♦■■g ap 
of the Arip to the aastahiBBg teoK 
pentare of IIKTC ia a dace stage 
coatiaaoas faraace (provided with 
cOQtrolkd aOBosphoeX followed by 
air cooNa^ TheArq’ k tha pasmd 
throogfa dry ke to effect Ae eoeaple- 
tfoaoftraasformaboa of the mined 
austeaitf to Bmrtaaske. During 
enfUiwkg aud suMbto temperature 
t reatmen ts, the 9tnp m held between 
pinch roOi to avoid dktmtioa sod 
The pia^ roQs hold only 
on the central parboos of the strip 
aad do not touch Che mdes so that the 
edges are not dama^d. The strip 
k then wound aad tempered si tempo- 
ratures b et w ee a < lOtfC and 27S^. 
PUsstvaikm of the sarfaoe k earned 

out in oftiic acid hnlh foffowed by 

washing and the rtripa are (hen 
contiaoouky printed. The ttrip k 
now led into pr tc i i ion con ir o lk d 
fading machiaes in whi^ pindsi^ 
honiag aad fim honmg are canied 
oM with peal a cc w icy so that the 


t^e profile k made vrithin spoctfi 
li mi ts of toleraace. The individv 
Madm are now separated tad fit 
operation on the edp 
canied out with utmost care by met 
of knther discs. The blade edge 
flaafly deaacd by oltresonic agitatii 
and then coated with a polymer, 
must, however, be stressed here tk 
the tedmkal details of Made man 
factnre are closely guarded secrets ai 
e very producer has to attain t 
manufacturing perfection through I 
own research and devMopmem. 

la India, tk open type hoik 
pound barber razors sup^ement 
by in^ortod safety razors ai 
safety razor Mades met the requii 
nenCs till the begiiiDing of (he Secoi 
World War when restrictions we 
imposed on imports. As a result, 
safety nzor blade of indigenous mal 
made its first appearance in 194 
Since then, due to the untiring effor 
of the Indian safety razor blade mim 
focturers. the industry has bet 
firmly established and today, apa 
from meeting the entire requiremen 
of the country, the industry has b 
become an important foreign e 
rhange earner. 

Ahhough there has been susuine 
improvement in the quality of staii 
less steel blades of indipaons nuni 
focture. there still exists room fc 
forther improvetnent so as to attii 
the eaoellence of some of the fsmou 
foreign brands. With the object < 
throwing light on the metallurgici 
factora whi^ might be responsibi 
for the diflerence in quality of tb 
Marten, a project was taken up at th 
Narioaal MeUllurgical Uborator 
to investigate the metallurgici 
characteristics of some Indian an^ 
foreifn brands of stainless steel safet 
razor blades. 

The sU Mauds of Indian blade 
investigated were designated M ti 
1-6 and three forrign Mades F-1 t> 
F-3. All the Mades had thicknes 
of 0.10mm. except one of forelgi 
origin which was slightly thinner 
AD the Mades had dull surface ftniil 



TtWe t. RmHi of dMikal iialyils (weiflit io ^ ccal) 


rtiid Ctrbon Chroinsuni Mtnfft' Silicon Copper Molylw Vanadium 
caifnafion nna deoum 


FI 

0.68 

13.22 

0.73 

F2 

0.68 

13.10 

0.63 

F3 

0.88 

14.36 

0.69 

11 

0.70 

13.3 

0.59 

12 

0.76 

14.41 

0.68 

13 

0.72 

Ii.l6 

0.68 

14 

0.77 

J2.0I 

0.52 

1$ 

0.66 

12.72 

0.44 

16 

0.60 

14.33 

0.69 


Kcept oiu Inditn blade which had a 
ri^ht surface. Spectrographic and 
'el chemical analyses were carried 
ut on Ihe blades to determine the 
ompositions of the steels used by 
\e Indian and foreign manufacturers 
"he results of the analyses, given in 
able l» show that the stainless steel 
trips used by both the Indian and 
sreigft manufacturers had similar 
hemical compositions. Copper and 
lolybdenum shown in the Table 
gainst blades F|. F, and l« appeared 
y be only residuals and not inten- 
lonal additions as the contents of 
liese elements were of very low order 
I is therefore evident that the quality 
fthe famous blades of foreign origin 
annot be attributed to the chemistry 
f the steel used. Metallographic 
aamination also revealed similar 



If. 1 MkNMctere if a iMfle of ktaie 
P.l. Tie MfM partirtoi ef 

fldH cutMt art smb la a 
gmal if MBpeng ■artMifiv(x 

Iggg) 


0.35 O.M 

0.043 TrKe 

0.42 0.085 

0.055 

0.30 

• • 

♦ ♦ 

0.15 

• 


0.35 


• 

0.32 — 

— 


0.53 0.121 

O.ih 

TfKC 

0.45 



0.33 


♦ 

Structure for the Indian and foreign 

blades. This consisted 

of panicles 

of carbides dispersed m the tern- 

pered martensitic 

mairis 

as shown 

in Fig. 3. Whereas in technical 

literature superior quality of ihe 

blades has been 

attributed lo fine 

and well distributed carbidev. the 

investigation of foreign 

and Indian 

blades revealed, 

though rarely. 

Teak 2 . Rfwitt «r 

ir>r 

De»itMiion 

MHV 

FI 

0 

611 


ifi 

w 


(III) 

645 

F2 

(i) 

665 


<ii> 

681 


(Hi} 

698 

F3 

(») 

64V 


(») 

649 


(iii) 

634 

II 

0 

665 


iu) 

715 


Oil) 

657 

12 

(i) 

627 


m 

681 


(iii) 

606 

13 

(i) 

611 


(0 

649 


Oii) 

634 

14 

• 0 

673 


(») 

665 


(Hi) 

665 

15 

<l) 

673 


00 

649 


(iii) 

673 

16 

(i) 

707 


(«> 

619 


<iii) 

649 


coafNC carbide panicles (r*ovcr 
Microhardness of the blades wi 
determined on the flat surfaces < 
the blades. The results of the lesi 
shown in Table 2 indicate smiils 
levels of hardnesi for both ih 
Indian and foreign blades. 

The investigation revealed tht 
both the Indian and foreign blade 
were made up ofstrips of stainless stei 
of similar chemical composition, i.e. 
l2\to 15*'chromium and 0.55%t 
©.TS**,, carbon and similai mctallc 
graphic Mruciure and hardnei^s. I 
appears from the investigation (ha 
(he initial steps in the manufaclurin, 
process, I.e., rolling of (he steel to (h 
required thickness and the heat 
irealment cycle which determines ih 
structure of the steel, were similar ii 
the case of Indian and foreign blades 
It is apparent therefore that the secre 
of the superior performance of «omi 
of the fa mous fore i gn bra nd s o f st u i n 
less steel blades lies in the refinemeii 
of the finishing srep.s of the manu 
facturing process,I.e.,grinding, hon 
ing. stropping, vacuum Jepo.sitior 
and polymer coating of the edges. 

Research and development worl 
on safety ra^or blades is continuinj 
m the advanced countries. In oui 
country also wc must pursue all oui 
efforts to improve and economise lh< 
process of manufacture and develop 
new technologies in this held to stand 
out as an able competitor in the 
export market. 

Further readlug 

J. Commodity Study Report on 
S^tty Razor Blade's, Indian 
Institute of Foreign Trade. New 
Delhi. 1975. 

2. Cuba. B.K., Kulkarni, M.R.. 
Bhainagar. S.S.. An Investigation 
on (he Metallurgical Characteris* 
tics of Stainless Steel Safety 
Razor Blades, SML Tech. J., 
V. 14, Aug. 1972, p. 105-107. 

3. New Stainless Steel for Safety 
Razor Blades. Jro*i A Steel 
Vol.33. Oct. 1965. p 505. 
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MITOCHONDRIAL 
DNA-A SECOND 
GENETIC SYSTEM 


5. RAMAKRISHNAN 


like ordliiAry cells» nltocbondrii abo have tiielr own DNAs 
RNAs aod proteiBS 


D eoxyribonucleic tcid 

(DNA) h the genetic mtteritl 
resent in all plants and animals. It 
named nucleic acid because it is 
>und in the nucleus and is acidic 
k chemical nature. It is made up 
f the nitrogen^cootaioing bases 
denme (A), thymine (T), guanine 
3) and cytosine (C) together with 
hosphoric acid and the sugar, 
eoxyribose. In cells, it occurs in 
ombination with proteins like his- 
)nes under the name nucleo- 

roteins. 

DNA is the chief commander and 
emtroller of all biochemical events 
nd spelU our the genetic message, 
he genetic information is contained 
I the c i St tons decided by t he sequence 
r the nitrogen bases A. T, 0 and C 
nd is transcribed and translated 
I to proteins. It is the sequence of 
mino acid% in a protein which 
ecidc!' their function, immuodogi- 


cal properties and species*to«species 
variation The sequence of nitrogen 
bases of the cistrons of DNA decides 
the sequence of amino acids in diffe¬ 
rent proteins. If due to chemical or 
radiologica] effects a change (muta- 
tioh) has occurred in the sequence of 
nitrogen bases, it would cause a 
change in the sequence of amino acids 
of the protein. Such a diange in 
the amino acid sequence may mean 
an inherited disease like sickle cell 
anemia in wbidi out of 14d amino 
acids only one amino acid has chang¬ 
ed due to defective DNA. 

Several scientist^ have won Nobel 
Prize for their contributions in the 
field of nucleic acids. They are 
J.D. Watson, (U-S.. 1962); F.H.C. 
Crick, (England, 1962); L. Pauling, 
<U,S., 1954); A. Komberg, (U.S.. 
1959): S. Ochoa, (U S.. 19S9): F 
Jacob, (France, 1965); i. Monod, 
(France, 1965); M.W. Nireoberg. 


(U.S., 1968); R.W. Holley. (U S 
1968); and H. Khorana, (U.S., 1968 

Nnelaar DNA 

It is in established fact thf 
DNA is located in the cell nuclei 
(nuclear DNA^named after its loci 
tion). It cannot come out, as th 
nuclear membrane is not permeabi 
to DNA. But. remaining in th 
nucleus* it synthesizes what are calle 
ribonucleic acids (RNAs) which pej 
form the actual biosynthesis t 
proteins in the ribosomes attached t 
the rough endoplasmic retkulun 
There are three types of RNAs, tb 
transfej (soluble) RNA (IRNA). th 
ribosomaJ RNA, and the messengc 
RNA (mRNA), which are all invo 
ved in the biosynthesis of proteins, 

DNA has three important fun< 
lions, via., replication, transcriptio 
and translation. Formation of ne' 
molemiles of daughter DNA is callc 
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te repkication of parent DNA. 
ranKiiption h the production of 
;KA by DNA and translation is the 
aiding of amino acid sequence In 
roteins. 

Kncture of lodear DNA 

J.D. Watson. {U.S.. 1962) and 
^H.C. Crick. (England. 1962) eluch 
ated the structure of nuclear DNA 
nd got the Nobet Prize for the same, 
i has a double helical structure «iih 
wo strands wound round each 
iher. ](is a long molecule with 
undreds of thousands of nitrogen 
ases arranged in a particular 
squence. Having a high molecular 
xight it is called a biopolymer and 
as comparatively a poor flux. 

llrocbOBdrIal DNA-- A receni 

Bcovery 

]n addition to the occurrence of 
le DNA in the nucleus constituting 
\e primary genetic machineiy, some 
scent researches have revealed that 
litochondria also contain mother 
^pe of DNA (mitochondrial DNA). 
Mitochondria are organelles inside 
l^e cell and are the ‘'power plants'* 
if the cell. As DNA is associated 
^ith genetic function, the mitochon- 
rial DNA constitutes a second 
enetk system of the cell. 

The existence of mitochondrial 
)NA has been demonstrated by the 
echniques of electron microscopy, 
adio autography and studies on 
buoyant density of DNA. The 
uoyant density of DNA varies 
mearly with its guanme-cytosioc 
ontent and could be determined 
ccurately by isopyknic caesium 
hloride centrifugation in an analy- 
ical uUra’Centrifuge. While in many 
(lammalian species the composition 
f nitrogen bases of nuclear and 
litochondrial DNAs do not differ 
ignificantly, the mitochondrial DNA 
f chick is heavier than its nuclear 
)NA, but yeast mitochondrial DNA 
I lighter than iU niKlear DNA. 
Itnctwe af Rilto. DNA 

The structure of mito.ONA is 


different from that of nuclear DNA. 
Jt has circular molecules which may 
be present as clearly discerned open 
circles or as twisted supercoiled 
molecules. In higher animals it is 
double*stranded with a closed circular 
configuration. It is supcrcoiled. 
covalently linked with no breaks. 
In several vertebrates and inver¬ 
tebrates it is circular hut in 
higher plants il is linear. Whether 
linear or circular it is about 5 ^ in 
length. Yeast has both closed, circu¬ 
lar and linear molecules. 

The significance of uircularay of 
mito. DNA is not yet dear. Circular 
DNA forms have been observed 
primarily in bacterial and viral DNA. 
e.g., polyortva and papilloma vjrds. 
£. co/< and the replicative forms of 
4 X 174 bacteriophage. Circularity 
may possibly offer stability to this 
DNA. 

The supercoiled iniio. DNA from 
higher organisms are larger than 5^ 
and are referred lo as complex forms 
of two types. They are: (a) catenated 
oligomers, and (b) circular otigomm. 
The catenated oligomtrs are mok* 
cuks that consist of two or more 
interlocked circular duplexes connect¬ 
ed to each other like links in a chain. 


The circular oJigomerv are circuli 
duplexes with contour lengths thi 
are multiples of 5 p monomer. 

A length of 5 p corresponds t 
about 15.000 base pairs and a moW 
cular werghT of about 10’ dalton: 
It can code for 5000 amino acids (i.t 
about 30 peptides of mol. wt. 20,000| 
An exception to the usual 5 t* kngl 
is that of yeast whose miio.DN^ 
has a mol. wt. of 5 r; 10’ dallons am 
its circular molecules are 26 ft long. 

There appears to be no obvion 
relation between the composition c 
mito. and nuclear DNA. Unlik 
nuclear DNA. mito. DNA is alkal 
labile. There is fragmentation o 
mito. DNA within minutes of raisinj 
the pH above 12. Heat also causes de 
naiuraiion. If denaturation is iocom 
plete. renaturation is possible. Thi 
renituration is calkd "snap-back** 

Mitochondria of different tissue 
have DNA. It was found that ther 
was no difference between the mite 
DNA of rat fiver and rat kidney. 

RapBeeiku af wlta. DNA 

Electron microscopy and radio 
autography have shown that miu 
DNA can rcplkate and produc 
daughter DNA mokcuks. Symht 
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$h of mho. DNA in mtromditd 
tissue is 20 to 60 times more npid 
than that of nuclear DNA. Also 
mito.DNA synthesis occun earlier 
than nuclear DNA synthesis in a 
cell. 

In contrui to nuclear DNA synthe* 
iis, mito.DNA synthesis is not 
dependent on continuous synthesis of 
cell sap proteins. When protein 
synthesis in yeasi is stopped by 
drugs like cyclo-hexitnidine, nuclear 
DNA synthesis stops almost com¬ 
pletely, while the amount of mito. 
DNA already synthesized continues 
to increase. 

The enzyme DNA*polymerase for 
nho.DNA has been identified, 
rhere is also mito. RN A. Two RN A 
pecies have been isolated in animat 
nit ochondria. M olecul ar hybrid i za* 
ton studies have shown that mito. 
ibosomal RNA is certainly derived 
rnm mito. DNA. 

'oBctions of mito.DNA 

The funaion of mito.DNA is 
>rotem synthesis like that of nuclear 
)NA. For this function it uses the 
ervices of various nuto.RNAs. 
dito. protein synthesis is different 
rom cell sap protein synthesis; for 
Dstance. fuscidic acid inhibits cell 
ap and bacterial protein synthesis 
»ut not mito. protein synthesis. Mito. 
RNAs are also different from tRNAs 
f cell sap. RNA'polymerase re* 
luired for the transcription of mito. 
)NA has been isolated. 

Synthetic system in mito. protein 
> closely related to bacterial system, 
'his is shown by the fact that in 
east and rat liver. N formyl methi* 
nyl tRNA is present in mitochondria 
ut not in the supernatant of cell 


homogenates. N formyl methionyl 
(RNA ta inv^ved ia the iaitiatioa of 
protein fyaihesu in bacteria. 
Cblofinipheiiicol is a potent inhibitor 
of bacterial and milocbondrial pro¬ 
tein synthesis. This U an illus¬ 
tration to show that antibiotics 
do affect the protein-synthetic machi¬ 
nery of the host and hence indiscrimi¬ 
nate use of antibiotio should be 
avoided. Cycl o-hexi mtdine i nhibits 
^oplaonic protein synthesis but has 
no effect on the synthesis of mito¬ 
chondrial proteins. 

Mito. proteia 

The unequrvocal identification of 
proteins synthesized within the mito¬ 
chondrial directed by messenger RNA 
transcribed from mito.DNA has not 
yet been made. Mito. mRNA itself 
has not been completely characterized 
yet though tu presence is essential in 
protein biosynthesis. 

Most mito. enzyme protein^ and 
many structural protein-components 
probably derive their amino acid 
sequence from nuclear genetic 
machinery {nuclear DNA). They are 
synthesized on (he cytoplasmic ribo¬ 
somes and subscquenily assembled 
into mitochondria. One mitochon¬ 
drial protein for which extra mito¬ 
chondrial synthesis and control have 
been definitely established is cyto¬ 
chrome c. 

Mho. DNA—^ secoad genetic material 

The principal, if not the only, 
p.roteirts synthesized under the direc¬ 
tion of mito.DNA are the insoluble 
lipoproteins of inner membrane that 
have Che properties described for 
structural protei ns. Proteins of outer 
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istory of the universe h wriiien in 
le fine letters of the fields. 
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mito. membrane, soluMe an 
extractable proteins of the matri 
and those ofthe inner mito membrai 
are not s>^tiiesised. Mitochondr 
thus, synthesise only structural pr 
teins for the inner membrane, 
could be the real structural protei 
of the inner membrane or a structur 
protein required for (he assembly i 
the caulytic proteins, say, for ti 
cytochromes. The fractions ident 
fted as tniio. structural proteins ai 
difficult to characterise because i 
their properities of insolubility an 
their great tendency to aggregate, 
is still not clear whether there ai 
many different varieties of structuri 
proteins in mitochondria or whethi 
there is only one. In animah th 
contribution of mito. ribosomes t 
synthesize mito. protein is 7% t 
15%. 

Torn over 

Mito.DNA has been ^hown i 
have a rapid turn over in rai tissue 
The half-life in heart is about 6. 
days while that in liver is about 9. 
days. Turn over in brain is relalivel 
slow. 

The role of mito. genetic machiner 
is equally imporiant as the ink 
grity of mitochondrial membrane 
has to be maintained at all cous fo 
the normal biochemical functions o 
the cell 

Fwtber reading 

1. Annual Revitv; of Biochemistry 
41, 1972, 

2. Phvsiolopcal Reviews^ 50. July 
1970. 

3. ?toceedin%s of the Haiional Aca 
demy of Sciences, 68, 1972 and 
69, 1972. 


Physics and Beyond, Harper anc 
Row publishers, Inc., Nev 
York. 

4. Russell, Bertrand (1960), The ABC 
of Belasivityt New Americap 
Library, N.Y., U.S.A. 
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Island of nuclear 
stability 


r KE news ibsi reccflUy ttmckUie 
scicniilk world Udw discovery 
r three new elements of atomic 
umbers 116, 124 and 126. Physicists 
xredited foe this discovery are 
.V. Gentry and TJi. Cahtll of 
.A.M. Dirac's Labovttory, Florida, 
I.S.A. According to the available 
rports« (hey found the new elements 
I mincraJs. Their half'lxves were 
)und to be in the ranfs years, 
his means (hat once exCncted out 
f the mineraU they can be studied 
onveoiently and Ihek chemical pro* 
erties evaluated. The most intri* 
uingfiewaUthai these two seieatisU 
re expecting three more B ew eiemeais 

i the near fatore. 

The discovery of aew dmnents 
aa ertrapniifinn of the 
rleadekev’s pe r iodi c dasssficaiioo of 
lemeata. It ahodarends a thorough 
nd daborate ttmiy to explore thek 
mrtictpntioa in the aadenr energy 
eogremnie as well is in other ddds 
laeful to iMiu Few years igo» a 
inmbcr of theoratkal pipers i^pcar* 
d ndkMiBg ihiin idud of nadcar 
stability, however, euaU aroaad the 


eiemeois of etomk numbers 114 lo 
126. The term **ls]and of nuclear 
stability** needs some explanation 
U is a well-known fact that in the 
actinide series elem:.U’i ar.^ more 
and more unstable as we go down 
ihe series beyond Uranium (Table I >. 
After ihc actinide series elements are 
extremely unstable (Table 2). Their 
halMivcs should vary from micro¬ 
seconds lo a few seconds at had been 
found theoretically. But once we 
reach (he elements around atomic 
nomben 114 to 126, they will b: 
rdaiively stable so fhal their physical 
ms well as chemical properties can 
be studied CMiveniently. Again, Ihe 
ekments beyond atomic number 126 
should be progressivdy more and 
more unstable. Thus, there is a 
rone of stability, (be elements on 
both sides of which arc very unstable. 
This zone is called the 'island of 
nuckar sUbilily". 

Before discussing Ihe itability of 
the eSemeots, it would be worth 
meationini the ways a nucleus 
can decay (Table 2). Radioactive 
decay data for tbe transuranium 


nuclei show that the a*decay htl 
lives for elements beyond Curiui 
(Cm) decrease quite sharply whi 
the decay by spontaneous fissic 
becomes predominant in this regioi 
The combination of a-decay an 
decay by spontaneous hssion : 
responsible for the very low yield c 
these elements in nuclear reaction: 
A nuclear reaction lhat gives rise t 
the formation of Mendelevium ca 
be illustrated as follows: 

*«ES, + •He, -k “*Md,,i+le 
But elements with atomic number 
101 to 103 are not found in nuelea 
reactors. 

However, tbe existence of a: 
island of relatively stable nuclei ii 
(he region of atomic numbers 11< 
lo 126 was predicted in a number c 
theoretical papers. From sbel 
model calculations it was first pro 
posed that such an island would b 
centred around the nucleus havin 
1J4 protons and IB4 neutrons, i.e. 
***JI4 (29B is the mass number an( 
] 14 is the atomic number). Th 
US Atomic Energy Commissio) 
scientists carried out extensive wor! 
in this intere^ting field. They calcu 
fated the possible ha If-lives witi 
respect to spontaneous fission, a 
decay and fi-decay for the super 
heavy nuclei. These ’calculation 
were done uving two models fo 
nuclear potential. The first one be 
ingthc modified harmonic*oscillato. 
single-particle potential, while th: 
second one is the diffuse-surface 
single-particle potential. 

Using the second model it wa 
predicted thil the nucleus **•111 
had tht longest halMite of -»I 0 ** 
years, while the first raod^l showe< 
the value to be ^10* years. The; 
also have calculated half-lives o 
super heavy nuclei in the region 
2 a 104 to 130aod^ » 17210 19 
(Z is the number of protons and t 
the number of Dauirons). The 
further concluded that it would b 
better to increa*:? the proton numbe 
beyond 114, rather than decreesin 
the number of neutrons below IS^ 
to gel relatively stable nuclei. Th 
modes of decay for these nuclei hav 
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lomtc number 

19 

90 

91 

93 

93 

lement 

Actinium Thorium 
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lei u re ot rAdio* 
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in nuclear ma&s 
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Chanse In 
number A 

Chameur of ihe proccae 

•decey 
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A—4 
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(i| two pnRoae, and (ii) two neulroat 

~-decsy 

Zf 1 

A 

ConveriiOQ of aurtroo inio proioa ia the 
nucletie 

* •decay 

2-1 

A 

Coomsiott of ovotoo iiMe aeutroo io the 
Aideio 
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A 
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(K>n(tiieous 

Z 

Z 
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»ion 

2 

2 

fragnenis of approxinately equal maa 
and eharie 


Iso been discussed The predomin- 
nt mode of decay for nuclei, con* 
aining more than 110 protons, 
,nd/ora few more than IS4 neutrons 
Vill be a-emission. For nuclei with 
Z less than 110, it is ^-emission. 
Dnce Ihe nucleus with Z « 114 is 
eached, electron capture is the 
>rincipal decay mode. 

Work is in progress to search for 
hese super heavy nuclei in nature. 
Uso, with the development of heavy* 
on accelerators, scientists throughout 
he world are engaged in synthesis* 


ing them. According to £.0. Ftset 
and J.R.Nu, it is not possible to go 
directly to the centre of the island. 
This group suggested a reaction of 
the type: 

“nil* + -► mn* -> 

*•122 + 4*iw 
<*ineaQs the nucleus is in the 
excited state) 

Here thorium nucleus is bombarded 
with germanium nucleus, where the 
product nucleus, *"122, is obtained 
in a highly excited state. It Clmn 
emits four oeuiroos to form ^122. 


Should the nn Uena ^122 annrive 
^atineoua fiaion, it will decay 
by ra^ eouasion c4 
high en erg y «*partscki, with half* 
ktvaa varying from microaecooda to 
a Ibw wCTBda Once the nocleu 
**114 H nached, the predominani 
mode of dc 0 y wilt be eloctioc 
capture and this will lead to nea 
dem anta. Ipotopee of elemenU IK 
and 112 will he the longest lived ii 
a heavy-ion ckperiineot of the abovi 
type. 

Another posaible process is thi 
rapid capture of neutron 

which is also known as the reprocess 
Id this process, a nucleus absorbs i 
large nomber of eeutrons very rapidl] 
and thee it undergoes succesirve beti 
decays to form much heavier am 
rela lively stable auclet. 


Knowledge of physical anc 
chemical properties of cleoRDU ii 
this region is esseailal for thei 
identification. So, scieatisU worker 
out the possible properties of then 
elements by eatiapolation in th 
Meadekev's periodic cUssification o 
elements. Although a bige amnuo 
of approximatioD it involved, thea 
predictioQS might prove umful ii 
the search of super-heavy elemeati 


The sensational discovery of th 
elemenU with atomic numbers tU 
124 ami 126 with half-lives -^IC 
years does not tally whh the sai< 
predictions. How e ver, it b ou 
sixKere belkf that elemenU whl 
atomic numbers centred around If 
frill be made or discov e red. It I 
hoped that the coming yean will se 
the unveiliDg of many of their iotezesi 
ing pfopertiet which am of 
value to the manktad. 


PAftlUAL X. BHAhADWii 
Dtpmtmmt Ornnklt 
fiidtoi hutUmt rf TtchmUg 
iChan^yir. Wtst Bragr 


^1£NCE REPOK rSR 




..SCIENCE SPECTRUM 


Proton radiography 


OTON ndiognphy. a compa* 
ncivdy new tcdi^que that ii 
waiting for aa eariy cnoy to the. 
ladka] fidd. is sumlar to aeatron 
idiofraphy (S.it, Match* 1972). 
loth arc rayi of high e n e r g y fuiida' 
MBtal particles, bat differ in proper* 
es froa X^yi in that the Utter U 
a deetromag&etk wave like light 
nd heat rayi. Nentroci rays are 
anspaieat to lead and opaque to 
other, rubber and plastka, but 
rotoft rays, like X-'fiys, are opaque 
> lead and booes and traiupareiit 
) fieih and s^ tiwies. Proton is 

fiuidainental partkie like neutron 
ad dectron and is present ia the 
udei of aO atoms that constitute 
latter. Unlike (he neutron and 
Icctroa it is positrvdy charged. It 

the bare Dudent of tbe hydrogen 
tom and is used for chaaging one 
temeat to tbe other artificially. Its 
a ii extremely small, much smaller 
lan a hydrogen atom, and weight is 
eligible. Proc^ radiography 
olds a big promise like X*rays in 
iagnosing ailments in animal 
odies. 

la the techniqne of proton radiO' 
rapby, htdi energy protons are 
eneiated and aeat through the parts 
f tbe body like X>nys for diagnos- 
ig diicasei. It registers a photo- 
raphic image of the body like X*iays 
iUier on a film or on a computer 
npulie screen. It can reveal inocess- 
jUy tbe foraatioo of minute cysts 
ad changes ia soft tissues which 
rdinarify would not be registered by 
lie X*rays. ftrthler, proton lay is 
inch anSa and is dangerous 
ina X-nyt per aait dose. 

X-ray screening has been much 
rttidicd in XJSJc ia recent years, 
'op physicians like Dr John C. 
lailer, a mem bw of the National 

OVIMnitfM 


Cancer Institute and Editor of its 
journal, and others art of opinion 
that X*Tay radiography actually 
causes caacer in women screened for 
its detection. The Natioaal Cancer 
Institute and the Americaa Cancer 
Society have jointly spoascred a 
programme in recent years for X-ray 
screening of women of )S years 
or above in the U.S.A. for detecting 
breast cancer in its early stage, u^ich 
can be cured without much difficulty. 
This scheme would handle nearly 
Xn.OOO women per year. But Bailer 
is not in support of the scheme as he 
argues that X-reys might be causing 
as many as two cancer cases for every 
one it detects. He is also of the 
opinion that X*rays should be replac¬ 
ed by safer proton rays which will 
not only be ufer than X-rays for 
cancer but has greater detecting 
power. 

It ts admitted that X-rays are a 
highly penetrating form of radiation 
and hciKC a good diagnosing tool 
for delecting diseases inside the body 
invisible to the naked eye. X-rays 
arc good at defining sharply the 
contours of bones and hard tissues. 
They arc, however, unable to picture 
soft tissues successfully, as most of 


W ATER hyacinth (Eidthor/fftt 
^naiipea) » knows to cause 
extensive damage to inland waters 
by competing with the aquatic life 
and destroying the whole cco-syslem. 
It impedes run-off in iireams and 
promotes hack water and flood 

m 


our body 1$ constituted of soft tissue: 
and we have many diseases associates 
with (hem X-rays are not ver] 
helpful for diagnosing such diseases 
Rather proton radiography can sei 
better the soft tissues troubles lib 
those of muscle dtsordcri, strokes 
cancer, etc., as it has already beer 
used successfully to locate smal 
breast tumours, brain tumours inc 
heart problems in organs re mover 
from (he body. There is no reasor 
why the sims technique cannot b: 
used to detect such diseases in llvin] 
bodies. 

According to Dr. V. Williarr 
Steward, in-charge of the program 
me for developing proton radio 
graph y in the University oi 
Chicago, it is definitely a nsw and 
safer tool in the hands of physician! 
for looking into the body. 

Proton radiography will not onl) 
be an excellent tool for detectinj 
breast cancer in women, it will also bt 
able lo delect breast cancer m cas( 
of males. As male breast canceri 
are occurring nowaday.s in gooc 
number, the proporlion being oni 
male case tor every I.W female cases, 
it would be useful fur screening boil 
males and females for an early delec 
(ion and successful cure. 

OOKirLAHANOA MAKArATt> 

Oepti. of* Chemhtr) 
Rare/tshaw College. Cuttack {Oei$sa 


conditions. 1 1 aflecU drainage o 
cultivable land and renders it unpra 
ductive. The water hyacinth 'Vafls 
also hinder navigation. Watc 
bodies, polluted with sewagt 
provide an ideal environment for th 
growth of this weed. Utillsin 



Put water hyacinth to use 
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nitrogen^ phosphorus tnd other 
nutrients dissolve<i in wtter, it proli* 
ftrMes ind doubles in bulk in 4 
short period of about two weeks. 
Because of the menacingly quick 
spread of the weed, attempts for its 
destruction have mostly been unsuc* 
cessful. 

Natural Alteration 

Or. BX*. Wolverton of the 
US National Space Technology 
Laboratory has found that the 
weed can be put to a number 
of uses. It is extremely eAkient 
in absorbing and concentrating 
Jissolved nutrients from water 
in which it Jives. Wolverton has 
suggested its use in removing 
lutrients from waste water prior to 
ts discharge into river. 

Apart from nutrients, this weed 
ias also been found to absorb metals 
ind other toxic substances, fa 
aboratory experiments it could 
emove 0.67 mg of cadmium and 0.5 
ng of nickel per gram dry wei^t in 
I4 hours. A hectare of weed (here* 
ore ha> the potential of removing 
K)0 gm of cadmium or nickel from 
iboui 5!t.000 gallons of polluted 
vater in 24 hours. Not only would 
his process clean toxic effluents 
I'Oin faclories but could even be used 


to concentrate and reclaim vaJaablc 
metals. 

The weed is also capable of absorb¬ 
ing phenol and phenolic substaoces 
commonly found ia docnettic aod 
industrial sewage and even in drink* 
ing water. In laboratory experiments 
it removed 36 mg of phenol in 72 
hours from the water in which it 
was grown. The phenol absorbed 
was broken down and utiUsed fairly 
rapidly. 

The findings of Wolverton can be 
applied to field conditions with many 
advantages in India, where vast re¬ 
sources of water hyacinth exist, Since 
its introduction into this country 
as an ornamental plant nearly quar¬ 
ter and a half century ago, it has 
spread so rapidly that it is now 
found almost in all parts of the 
country. In West Benpl alone, an 
estimated 30,000 acres of once clear 
water surface is reported to have 


bees iafeited by thia weed* 

In India IIk weed is bdng OMd i 
sevoaJ wiya. Faraen in mar 
parts of Beagal use dry wit 
hyncnith as fwL Its ashes aj 
subaqoaatly naed aa a manur 
The weed is execptMoally rich i 
potaatiniB and is valuable as potasi 
raanare. It is abo uRd as fodd 
supp fa neot for cattle In Taa 
Nado it is BMd as feed for bttffaloe 
Milk yield is reported to inaeai 
by 10-15 PR cent when baflaJoet m 
fed wHb thb weed. Ibe raanuTai 
lure of paper from the dried wee 
has been aaempsed ia West Bengi 
PoUution abaieaent i 

India cae exploit the natural fit 
ration cipabdity of this weed U 
deaaiog pollated water bodies. 

R. R. Rha 

/adtirriflf Toiieoiogy Htseatch CtfUi 
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Eutrophication: cause and 

control 


A ddition of industrial and ur¬ 
ban drainap. agricultural run¬ 
off and most orpnic wastes increase 
nutrient value of natural waters. 
The tenn eutrophication is now used 
to indicate increased nutrient status 
of water bodies contributing to an 
excessive growth o( microorganknu, 
alpe, and other aquatic plants. The 
uncontrolled growth of these forms, 
particularly in tropical countries, 
leads to deoxypnati<m of water and 
is responsible for fish mortality besi¬ 
des adversely affecting the watR 
supply system. In cratnat, the c<m* 
trolled powih of most aJgae is 
highly beneficial process which plays 
an important role ia the oxygenalioa 
of water and powth of desired aqua¬ 
tic plants. 

On the basis of nutrient stalus 

«7e 


Ues and other nrfoce waters maj 
be divided iolo two Isrpes; oligotro 
pbK and eutrophic. Oligotrophy 
lakes are relatively unproductive ant 
poor in plant nutikata. In contrast 
eutrophic lakes po iRii hi^ amount 
of nutrients and tfaerefoce suppor 
more aquatic planli. In the begio 
ing all lakes ase oUgotrophk bui 
with time niitcriaJt to 

tiined by takes pndoally get deposi 
tedinthebottML Ibe bottom sedi 
meat k dccompnsrrl by biReria am! 


The rd 

led ouirienit initiate the powth oi 
phytoplaakton. Death and decom 
position of tbeae plants recirculah 
tuitricnis to support more of phyto 
pl ankto ns and aooplinktooi. B» 
trophication is a conuanom anc 
natural procos by which every laki 
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Parameters 

Olipotropbic 

Eutrophic 

Aquatk plant produeiion 

Low 

Hlfh 

Aquatic xaimal production 

Low 

IW 

Aquatic pltni mitrteol flux 

Low 

Hiih 

OxyfBn In the hypclimmon (louder layers of lake) 

Pmwnt 

Ataeoi 

D^h of the bke 

Dwpcf 

Shallow 

Water quality for domestic end Industrial uses 

Good 

Poor 


paiscs from otigotrophic to two^ 
phic phase through mesotrophic 
stage. Some of the important charac* 
ten of otigotrophic and eutrophic 
takes are summarized in Table 1. 

Cauaea of eutro^icatioa 

Depth, uzt. shape and geographi¬ 
cal location of the lake determine 
the degree of eutrophication. Also 
biological productivity depends on 
tight, temperature, morphology and 
concenlralion of aquatic plant nu¬ 
trients. Algae and other aquatic 
plants grow and reproduce in a wide 
range of temperature, l ight ik an 
Important external factor which 
alTects production of aquatic planu. 
Carbon, hydrogen, oxygen, nitrogen 
and phosphorus are the major ions 
required for the plant growth besi¬ 
des some (race elements. The most 
significant aquatic plant nutrients 
which limit the growth of these plants 
are nitrogen and phosphorus. It is 
now well established that nitrogen 
snJ phosphorus are the key elements 
for controlling the aquatic plant 
jrowth as they are responsible for the 
sxcess growth. The concentration of 
nitrogen and phosphorus which ac- 
ually trigger off the growth of plank- 
:on depends largely on many other 
'actors. The main sources of the 
iddition of phosphorus and niiro- 
sen to the water bodies are: domes* 
ic wastes ittcluding sewage: indus- 
rial waste waters; rural and urban 
Irainage; agricultural run off; natu¬ 
ral sources; lake sediments; atmos¬ 
pheric sources; and biological riitro- 
ten Aulion. 


Degree of eutrephlcitioa 
The advanced suge of eu((ophi- 
cation can be determined by visual 
observation and oAen by smell. 
Since the eutrophication is caused by 
excessive growth of plankloni, Uk 
total number of theK organisms pre* 
sent at any time can give an idea of 
the degree of eutrophication. The 
latter can be measured by Secchi 
disc transparency (it is a small metal 
disc painted while and blackj. The 
transparency of water is measured by 
lowering it in water. The etitrophic 
lakes are less transparent because of 
high productivity. The volume of 
algae in graduated centrifuge tube 
and the chlorophyll content can give 
the idea of plant growth. The mea¬ 
surement of phot osyn the tic oxygen 
by the 'Light and dark bottle experi- 
meni* can be used in assessing the 
degree of eutrophication. The bio¬ 
logical productivity can also be 
measured by using 0^ as a tracer 
and its utilization by the aquatic 
plants. The concentration of nitro¬ 
gen and phosphorus and the analysis 
of lake sediment can also provide 
(he nutrient status of the water body. 

Sigridcaaee 

The eutrophication of water bodies 
may have signiAcant effects on do¬ 
mestic, industrial,'recreational and 
agricultural uses of sudi waters. 
Water suppled for drinking purposes 
from such source will be belo';^ 
drinking standard. Some micro¬ 
organisms produce dei^> toxin; in 
the water and vgriosis diseases a p p e ar 
in cpideouc form. '(he. eaccisiw 


Harmrul al|ae 

A LCAB are known to be toxic for 
Jivestock, horses, cattle, ftshea, 
aquatic animals and even to men. 
Algal poisons generally produced 
by water blooms are reported 
from all over the world. The 
most commonly abused forms are 
of Mue-green algae; the important 
among (hem are Microcystis 
ocrugiMosc, Attabaena /Us^uce, 
AyHanizornffWi Jlos-aquae. Mi€> 
rocyttis aeruginosa is known to 
produce a fast death factor 
(FOF) which is a water and alco¬ 
hol soluble polypeptide. Ana- 
baena ftos-aquat produces a vary 
fast death factor (VFOF) which 
kills the experimental organisms 
within 2-20 minutes. Besides, 
certain other forms of algae also 
produce toxins; ^rymntsium par- 
>um (Crysophyte) and Cymnadt- 
nium renifit um Conyoulax monf- 
hta (Di noflagella te) produce 
toxins which kill fishes and mtri- 
luscs. 


growth of algae will impart colour 
and odour to the drinking water. 
These algae clog the filters, retard the 
water flow and affect waterworks. 
They also adversely affect the recrea¬ 
tional and aesthetic value of the lakes. 
The most commonly encountered 
algae of eutrophic waters are Mic¬ 
rocystis aeruginnsa. Anabaena flam- 
quae. Aphaniiomtnon flos-mpsm. 
OsciHatoria. Setnedtsmus^ certain 
Eulenoidi and Diatoms, 

Coitrel 

The eutrophication process is a 
nivural sequence of events. It is 
difficult to halt Noneiheless. it can 
definitely be mininiisei. U can also 
he reveraed temporarily by direca 
killing of aquatic plants. Usually 
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copper sulphite end sodium am* 
bite ere employed for killing elgie 
end rooted pleou respectively. The 
use of elgicides in recent yeen is 
felt replacing metallic compounds. 
Temporery control of the equatk 
plenti can be achieved by excluding 
light from water body for a limited 
time, but it is not practicable for a 
large water body. 

The most discussed and widely 
employed method of controlling 
fclgee in lakes is of limiting the distol* 
ved nutrients. Phosphorus and ni* 
irogen are essential elements and 
often limit the plant growth. Nitro- 
|en compounds are much more 
abundant in soil and water than 
ihoie of phosphorus. In addition, 
Deny species of blue-green algae, 
lenerally associated with eutrophi* 
ration, hx the atmospheric nitrogen, 
they not only grow without extrane¬ 
ous nitrogen but also promote the 
trowih of other algae by excreting 
lome of their nitrogenous com* 


T he report published in 1973 
by the Paris-based Bureau d' 
Etudes Industrielles et de Coopera- 
ion of the Institute of Francais du 
’etrole (BEICIP) which examined 
he economic aspects of amino 
icids has concluded that the world 
lemand for several amino acids is 
ikely to increase sharply in the 
:oming decade and if it does, the 
ifesent world capacity for making 
hem will Tali far short of the global 
eeds. Table 1 taken from the 
iEIClP report will illustrate these 
oinis. 

Amino acids involve a 500 million 
ollars expertise on yearly basis, 
he most important of their outlets is 

msct moRTEA 


pounds. For this reason the niirofen 
sup^y is dilBcult to limit. The only 
remaining compound, phosphorus, 
may be helpful in controlling algal 
growth. 

Various methods are now avail¬ 
able for the removal of phosphorus. 
The most suitable, feasible and rea¬ 
dily available methods involve use 
of chemicals to predpitale additional 
phosphorus. Such chemicals gene¬ 
rally used are alum, lime, iron and 
sodium aluminaie separately or in 
combination. The methods based 
on controlling the nutrients include, 
removal of nitrogen and phosphorus 
at the source; diversion of nutrient- 
rich waters from receiving bodies, 
and dilution of these elements by 
addition of water. 

B.C. Rama 
Assistant Pro/tssar 
Dtpanment of Botany 
Sekoot of Basic Sci^nots d 
Humanitits 
Vniftrsity of Udaipur, Udaipur 


In feed enrichment. Pharmaceuticals 
consume only 2% of annual world 
consumption. But because the unit 
price of pharmaceutical grade 
amino acids is several times higher 
than that of food-grade adds, the 


L-Oycine 

12 

1M5 

L-Ly»ine 

16 

6l!k20 

DL-Methioeim 

92 

100-140 

L-Tryptophen 

O.l-I 

l-S 
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former account for 15% of t) 
products' overall world market valu 
Several major companies in th 
United States and Europe have bee 
phasing out their amino acids pre 
duction on economic consideratiom 
the chief of which are :He costly u 
solution of the L-form of the amin 
acids (the only biologically activ 
form) from racemic mixtures an 
the fermentative production ofsom 
amino acids which involve biochc 
mical engineering often with ]o> 
yields. However, recent upwarc 
shifts in protein prices are makinj 
the economic picture of amino acid 
production look more favourable. 

FoodstulTs differ widely in thef: 
amino acid composition. For ex 
ample, toy cake protein contain! 
i.4% by weight of methionine; corn 
2.2%; and polished rice, 3.1% 
Lysine varies from 2.9% by weighi 
in com protein to 6.5% in soy cake 
and 10% in beef. Similarly, the tryp¬ 
tophan content of corn protein is 
only 0.6%, but in polished rice it is 
2.0%. One way of overcoming the 
shortage of the non-dispensable 
amino acids in feed formulations 
is by adding individual amino acids 
to compensate for their original 
defLcieocy. For example, when L- 
lysine is added to cereals at 2 kg per 
toil, it raises the protein efficiency 
raiio^the ratio of weight increase 
of a guinea pig to protein intake by 
30% at a cost increase of only 4%. 
This approach, according to BEI¬ 
CIP, is often cheaper than combi n- 


Food seasonmi. lasie etihtncement. syM^ 
Ik leather 

Pharmaceuikai. indwriil applieatieni 
Ammal feed iddiilve, cwtal enriehiMsi 
Aaimal feed ajdiiive. veguabk oil, lynthw^ 
tk protein enrichmaiu 
AoireaJ feed *<UiUve. cereal eorkhmaot 
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tg different foodstuffs whose amino 
cid content is complementary. 
L*glutamic acid is by far the most 
nportant amino acid in yield. 
Siobal consumptitm tripled in the 
ast decade (o 200,000 tons in 1972. 
he BEICIP foresees growth in 
emand for the amino acid continu- 
tg at an annual rate of 6% to 
y that by 191^0 annual consump* 
on may be 2SO,000 to 310,000 me* 
rje tons. Besides the use of gluta* 
lie acid (as the monosodium salt) 
\ enhancement of taste and season* 
tg of processed foods, its demand 
i expected to increase because of 
he development of a leather subs* 
tute in Japan. The latter is made 
f a fibre base to which is applied a 
olyamino acid coating whose essen* 
a] ingredient is glutamic acid. 
Synthetic DL*mechionine. produ* 
ed from acrolein, methyl mercap* 
in, and hydrocyanic acid, is the 


next amino acid of the largest ton* 
nage. A 29 % average annual growth 
rate in consumption during the past 
ten years raised its demand from 
65,000 to 70.000 metric tons in 1972. 

Although growth in demand for 
methionine har been remarkable. 
L*lysine has far outpaced it. Bet* 
ween 1967 and 1972, the consump¬ 
tion of this amino acid increased on 
an average 43% a year from about 
2000 metric Ions in 1967 to IS.OOO 
metric ions in 1972. By t9B0. 
the world market for L*lysine as 
feed supplement is expected to be 
40,000 to 45,000 metric tons. More¬ 
over. cereal enrichment could consti¬ 
tute by this time a market for an 
additional 10.000 in 20.000 metric 


B. Pal 

Header, Oeptt. of Biochemistry 
Cofeutta School of Tropical 
Medicine» CatcuttO’TOOOii 


Whales, dolphins and 
porpoises of the Indian coasts 


senoe or presence of teeth in tl 
adult animal. 

Whales 

The suborder Mysticeli Includt 
whales which are considered to be Xh 

giants of the seas. The term whal 
does nut indicate a natural divisio 
of the order and sometimes is use 
lo mean the whole specie^ ofihe Ceti 
cea, irrespective of their sizes. The 
art warm-blooded and air breathinj 
Their blubber and fats are priae 
commercially for use in soap an 
candle-making industries. 

There UN* three families of whale 
but only two of them include mos 
of th; commercially imporiant spe 
cies. Th?v arc the right whales c 
the family Balaentdae, and rorqual 
and humpback whales ol (he famil 
Btifornopiertdae^ The whales unde 
the family Balaenopterldae have 
scries of baleen plates; they fee 
on planktonic food obtained b 
filtration of water through thes 
platen. Of Balaenopreridae famil 
five species are recorded in India 
waters, viz., the Blue wltale, Balaen 
aptera mus* ulus', the Fin whale 
the Prke whale, B. aecv 


AMMALS which feed their 
young with milk secreted by 
lammary glands rank high in the 
;ale of evolution. Some mammals 
ave adapted themselves to an aqua* 
c mode of life. Among ihem the 
etaceans are the conunercially im- 
ortam group. They are predomi- 
anily marine, chough a few of them 
ave preferred freshwater or brac- 
ish water environment. Tfic aqua* 
ic mode of life has greatly mfiucnccd 
heir anatomical features, .xlmost 
11 of them have fish-like bodies but 

re disiinguistuiblc from the Letter 

»y the absence of gills. 

Id India, however, much attention 
AS not been paid to whales found 
tong the coasts. Occasional atran* 
lings of whales have been reported 
)y biologists. 


However, dolphins and porpoises 
occur in good numbeis and are 
caught by fishermen as they cause 
considerable damage lo nets. Besi¬ 
des supplying meat, they can also 
be of considerable assistance in im¬ 
proving communications in naviga¬ 
tion. 

The order Cetacea is divided into 
three subvrdcis* (I) Arcluei>ceti, 
exclusively fixstl. (2l M>»ttccti, and 
(3) OdontoccK, on the basi^ of ab- 


torostrata, B indlca. and the Se 
whale, B. borealis. They differ in size 
colour and habits. Among the fiv 
specks the Blue whale. B. musculus, 1 
the largest living creature in (he sei 
It can attain a length of 30.5 m o 
more and a weight of 135 tonnes. Ye 
it feeds on the plankton of the set 
The suborder Odontoceti i 
characterised by the absence c 
baleen plates and by the preserve c 
fceih. It comprises seven familie 




NOVEMBER 1976 


<73 


M rkNCEltEFORTk 



me&ns of lamination fluida, pressure 
and baking. The cemcotint opera* 
tion is a simple one and Cbc optical 
duality of all the elements involved 
remains intact. Since the operation 
is a solvent weld, the lamination is 
as strong and mechanically as homo* 
geneous as a single leas. 

Plastics surfaces require protection 
from casual handling and scratching. 
Automatic protection is provided 
when an instrument is athennalized 
with a glass element as the front 
lens of a system. Class windows 
at the ends of a system are used as 
an alternate means of scratch pro* 
teciioD. 


Usee 

A number of instruments of differ¬ 
ent types embodying optical plastics 
components have been designed and 
manuraclured. Instruments which 
can be made art listed bdow. 

A variety of sighting telescopes 
such as 3x75 and 5x 100 aotj-tank 


telescopes, 6x40 inverting telescope, 
etc., have been made with optical 
plastics. The typical 3x75 telescope 
(Pig. I) is a 3*power fiatd-focus 
telescopic sight mounted on a gun 
with a fised reticle to be used for 
direct anti-tank hre. It has one glass 
element in the objective assembly. 
A reticle is placed in a cast mirror 
erecting system with one mirror 
between the reticle and the eye 
piece. 

Schmidt systems for television pro¬ 
jection have been made with optical 
plastics elements. The reflector and 
corrector plate of a f/0.7 Schmidt 
system (Fig. 2) are made of optical 
plastics. The mirror is made of 
glass. The Schmidt corrector plate 
has a critical aspherk surface which 
in the past has b^n especially diffi¬ 
cult and time-consuming to generate 
in glass. The unit is housed in a 
styrene casting so that temperature 
compensation for the system is ob¬ 
tained by using the same kind of 
materialfor mounting that is used 
for optical plastics elements. The 


resolving*powcr of the system is 9 
lines per mm at centre of the field. 

Offset wedge binocular attachmer 
(see art. head) is built for an applies 
tion which requires a double imagi 
The previous device for this purpos 
made use of glass wedge whk 
covered half of each binocular ot 
jectivc. With such an arrangemcn 
the eye position is extremely critict 
in order to see both the direct an 
offset images. In the present attacl 
ment the double image is obtaine 
by means of prisms with hole 
through which a direct image may b 
obtained simultaneously with a di 
viated image obtained through th 
prism. Although a slight delerion 
tion of image around the holes take 
place, the instrument is found to t 
more satisfactory in general than th 
corresponding glass device. Resoh 
ing power is 8 seconds at the cent] 
of the field. The instrument is use 
as a fire control device in directir 
offset battle practice. 

The f/1.6 reflector sight (Fig. ! 
is designed to be suitable for fixe 
guns in an aircraft. A spherio 
reticle is incoiporated in this sigh 
over the entire field the reticle rinj 
are fixed in direaion within 1/3 < 
.001 inch. There is no parallax ^ 
the edge of field. The mountic 
for this instrument is of cast maj 
nesium. The optical system is fo 
ded once by means of a mirro 
The plastics lenses are mounted as 
unit in plastic sleeve which slips im 
the metal housing—maintaining tl 
elements in alignment with eat 
other. This arrangement also serw 
as thermal insulation to redu^ 
effect of rapid temperature change 

In addition to the above device 
optical plastic components have bet 
employed in making of the foliowij 
instruments: 2x32. 3x60. 6x: 
and Sx 80 Galilean binoculan, 7x1 
prism binocular, lenses for ordina 
and aerial cameras, parabolic refle 
tors. rangeficKlers. pertsoopes, etc. 

(CoruOtued OH pate 
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PhototyntheCic efficiency 
of the ^source’ as well as 
the storage capacity of the 
'sink* are essential pre- 
reouisites for the good 
yield of a crop 


P LANTS txhibic 4 wonderful 
mechanism of self-reliance by 
virtue of the presence of the green 
)igment. chlorophyll. The process 
)f manufacturing food is achieved 
)y using the natural sources of light 
ind carbon dioxide. Undoubtedly, 
dants are unique among living 
organisms because they manufao- 
ure their own food. They possess 
he most intrinsic mechanism of 
on verting the solar energy into che* 
nical energy through the process of 
photosynthesis, the process in which 
10% is converted into complex 
arbon compounds, which ultimately 
orm the building material for the 
rhole plant body. 

>efl«lt^a of icrMlMlogies 

Among the plant parts, leaf is the 
(lain site of photosynthesis, although 
ther green parts of (he plant also 
erform this furwtion to a lesser 
agree. Briefly, the leaves manu- 
loture food and supply it to diffe- 
rut parts of plant body wherever 
here is need. Leaf is considered as 
tke ^source* of the food, whereas 
ny part which receives the food is 
nowo as 'sink*. Prof. Harry Bcevers 
^ptt. of Biological Science, Pur* 
ue Univenity, Lafayette. U. S. A.)» 
efines sink as “that part of the plant 
fhtn Che products of photosyn* 
lieiii arc utiliaed". For example. 
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the Aowen, fruits and other storage 
organs like roots (carrot, etc.) are 
classical examples of sinks. The 
products of photosynthesis are caJ- 
led >hot03yitthates' or *as$ini Hates*. 
Translocation' is the mechanism by 
which the photoiynthates are trans¬ 
ported from the ‘source’ to the ‘sink*. 
Kn intimate relationship exists bet¬ 
ween the source (leaf) »nd sink (fruits, 
irains, etc.) and they exhibit great 
variations trcm plant to plant and 
sre interdependent 

[■porlaM of the 'aavcc* 

There is great diversity in the 
overall arrangement, size and thick¬ 
ness of leaves among the host of 
plants distributed in different habi¬ 
tats. The importance of the leaf 
lies in the fact that it is the receptor 
organ of the plant responsible for 
capturing solar energy and convert¬ 
ing it into chemical energy. There 
is a great deal of signihcance at¬ 
tached to the leaf surface and the 
incidence of sunlight on the surface 
in a given area. Two commonly 
used terms in agticulcun] fi eld are 
leaf area index LAI (leaf area/unit 
land area) and leaf area duration, 
LAD (leaf area integrated over 
time) which by the very teniuoology 
indicate their importance because 
they ultimately determine the dry 
matter production. Plant setentists 
working on photosynthesis have been 
giving special attention to the leaf 
angle as it is an important criterion 
to study the light interception by a 
canopy of leaves and hence photo- 
synthetic efficiency. For instance, 
erect leaf character is considered 
desirable. It would enable larger 
sunlit surface when sun angle is 
high. So. for maximum photo¬ 
synthesis eret^t leaves are the most 
efficient arrangement. In fact, there 
is direct evidence of the effect of 
erect leaves increasing photosynthe¬ 
sis and yield in rice. However, erect 
leaf is correlated with yield only 
in cases of high plant density. 


Besides the LAI. the total duration 
when the leaf gets exposed to light 
also plays a key role in determining 
photosynthesis as well as grain 
yield. In wheat, some of the highest 
yielding varieties exhibited larger 
green am of the leaf just below the 
ear head (this leaf is called flag 
leaf) for longer periods than other 
varieties. In crops like wheat and 
barley, the earhead with awns and 
glumes also remain green for pretty 
long and so contribute to the grain 
yield. 

Leaf angle and width have been 
used for selecting high yielding varie¬ 
ties in wheat, barely and oats. Thick 
leaf is a desirable trait. A positive 
correlation between leaf thickness 
and leaf photosynthesis has been 
ihowa in rice. 

PbocosyadKiis by other <towees’ 

Recent studies on fruit-wall photo¬ 
synthesis have unravelled yet another 
avenue io understanding the soume- 
ttnk relationship in a better per¬ 
spective. Much work has ^n 
carried out on the chlorophyll con¬ 
tent and pbotosynthetic efficiettcy of 
the fruit walls of major puhe crops 
like gram, peas, etc., and their 
coQtritraooQ to the developing seeds. 
The majority of pulse crops remain 
green for a long time and hence get 
longer exposure to light They are. 
therefore, important in pbotosyn- 
thetk studies. Even sepals, the 
protective structure of a flower, 
contribute to seed weight in flax. 
Some difficulties arise in green pods 
of some legumes like Bengal gram in 
that they are ’hidden inside* the 
canopy of leaves (which are arranged 
in spreading fashion) so much so tiiat 
the inddence of jight on the pods 
is greatly miiunuzcd. If, by some 
experimental manipulations, the pods 
are made to expose better to the 
light, then there is a possibility of 
increasing the pbotosynthetic effi¬ 
ciency of pod walls in such cases. 
This would amount to changing the 


Table I. CUarophyU coutesl of M 
Kill and leaves In some kgumim 
crops (pahe crops) 


iCkhfcp/tyit, mg ptr from frtsh weif k 


Crop 

Leaves 

Fniii-wa 

PigBM pea 
(Red cram) 

203 

0.41 

Chick pea 
(Bengilfram) 

xv 

t.21 

Peas 

2.14 

0.5C 

MMStf bean 
(Citen gran) 

2.52 

04! 


{Cmflcsy: Dr. S.K. Sintu. Water Ted 
nology Cenue. I.A.R l, New Delhi) 


entire morphological character c 
the plant. It Is worth cons 
dering the enormous potentiality c 
the p^ walls as active ‘source* dui 
ing grain development. 

From Table 1 it is evident thi 
fruit walls also contain a fairly hig 
chlorophyll content which indicatt 
that they also have a high photc 
synthetic potential. An assessmer 
of fruit walls for their photosyr 
thetie efficiency is being carried oi 
at the Water Technology Centn 
I.A.R.I.. New Delhi. 

Traosloeatlou 

Once the photosyntbates ai 
formed in the leaves tt 

next step is their mobilisation l 
different parts of the plant whe) 
they are most required. The plan 
differ in their total number of leavi 
and their arrangements. Neve 
theless, a specific pattern of ass 
milate distribution is observed in a 
cases. Leaves in different positioi 
on A plant supply the assimilates 1 
different organs. Lower leavi 
supply assitnilales to roots whi 
upper leaves supply to shoot ape. 
Leaves in the intermediate politic 
supply photoiynthates both up ao 
down. This pattern, however, 
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ibjcct to alterations depending on 
it temperature, water supply, etc. 
rj|b change from vegetative to 
^productive stage, the assimilate 
istribution is i\iO tiered. The 
rmand oq the assimilates deter- 
lines the intensity of distribution, 
or example, a developing fruit will 
ave a priority demand for assi- 
lilates from the adjacent leaves. 
.]] plant parts do not exhibit the 
ime demand^ on gssimiUtes. The 
istance from the site of production 
eaf) can also affect distribution of 
ssimilates to a particular organ. 

liak*—4ts sigaifkaaec 

Having considered assimilate 
roduction and distribution, it is 
epessary to understand the site 
'here the aisimllates reach, i.e, the 
link’. Sinks are of different sizes, 
hey place differential demands on 
ssimilates from the source. In fact, 
ery young developing leaves them- 
rives are sinks because they im- 
ort photosynthates from older 
saves for their development. Once 
Itey become self-supporting, they 
xport assimilates to centres of active 
rowth like root tips and shoot 
pices. With the onset of flowering, 
he pattern of assimilate disiributioo 
Iso changes. Subsequent fruit 
levelopment wiU have Auther effect 
m photo synthate movement There 
vill always be i shift in the direction 
if assimilate flow from the source 
o the sink. At the time of maturity 
if Che crops, storage organs like 
fuits, grains or tubers—all coosj« 
Itred as potential sinks—will make 
i greater demand for the aasimi- 
ates. 

Although different sLnki emerge 
it differeot stages of plant growth, 
J1 are not efficient sinks. For 
ostanee, in grapes, flower is a weak 
link but fruits arc strong ones, 
rhere is also competition between 
lifferent sinks for assimilate ulilisa- 
ion. A good example is In some 


pulse crops where the assimilates are 
diverted more to flowers and deve¬ 
loping pods at the expense of root 
nodules. Experiments have clearly 
shown that nodules, which arc res¬ 
ponsible for fixing atmospheric nitro¬ 
gen in legumiru>us crops, disinte¬ 
grate with the onset of flowering, as 
they are deprived of photosynthates 
required for maintaining tbetr growth 
and activity. 

Sinks are connected with the 
source by phloem elements. Trans¬ 
location of assimilates occurs in the 
sieve lubes of phloem. Sugars move 
from the source to the sink. The 
rate of consumption of sugars at the 
sink-end determines the direction of 
movement from the source. If they 
are not used up at the sink as fast 
as they are produced at the ‘source*, 
then translocation slows down and 
ultimately sugars accumulate in the 
leaves. There is thus decline of 
photosyotheiic rate. 

Interdepet^eace of ‘imwce* and 'dak* 

There is a great interdependence 
between the source and the sink. 
The supply from the source and an 
efficient sink to receive the assi¬ 
milates are essential for a good 
yield. The weakrtess of one can 
influence greatly the other, so much 
so that the xKt result can be a low 
yield. Their interdependence b 
obvious. If the assimilates are not 
translocated to the sinks, the rate 
of photosyntbesb (which rei^esenis 
the activity of the source) is de¬ 
pressed. If new sinks are provided 
the rate is increased. In potato, if 
the actively growing tubers are re¬ 
moved, carbohydrates accumulate in 
the leaves. In wheat, reoKnal of ear 
has reduced photosyntbetk rale of 
flag leaf by 50%, So also in tomato, 
the removal of fhiiti immediately 
after their onset decreases leaf photo- 
synthesb. When one sink u made 
ineffective, Che assimilatei a;p diver¬ 
ted towards other sinks. Ear removal 


(primary sink) in wheat enhan 
eel the production of tiller 
(alternate sinks). 

A regulatory role has been as 
cribed to the sink. It is believed U 
produce certain plant hormone 
which are translocated to the leave 
where they enhance the rate o 
photosynthesis. So. when (he sinl 
b disturbed, it is reflected in poo 
release of hormones which in tun 
reduce (he photosyntheiic activir 
of the source. It b evident (hat Ih 
source is dependent on the sink fo 
the stimulation it receives in th 
form of hormones for assimilat 
production, whereas sink is deper 
dent on the source for the asiimi 
lates. So, (hey are inseparable entitle 
of plant body. 

Another upeci which is wort: 
consideration is the distribution a 
assimilates to different sinks. This i 
what is known as partitioning c 
photosynthates' between economi 
cally useful and non-useful parti 
In agricultural sciences one come 
across the two terminologies quit 
often: ‘biological yield* which refer 
to the total dry matter produce 
by the entire plant, and 'economi 
yield* which represents the dr 
matter accumulated m econom 
cally useful parts of the plan 
Fruits, grains, tubers, roots (carro 
beetroot) and even stems (sugar cam 
are considered ‘economic* yield 
The ratio between economic yield an 
biological yield gives what is know 
as 'harvest index* which differs froi 
crop to crop. If there is a greati 
dbtributton of assimilates into ec« 
Qomically useful parts, the overa 
yield can be expected to increas 
Conversely, any lag in the assimila 
distribution to these parts can ha' 
a deleterious effect on yield. Attemp 
are being made to work out (1 
harvest index of different crops ar 
different varieties in a crop grou 
under varied situations. Table 
indicates clearly the variations 
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)e hftivest index in diflbftnt crops. 
Leasons for poor harvest in crops 
\t pigeon pea are being looked 

xto. 

'leld ud yield coapoiMts 

The word 'yield* itself is used 
aguely in many cases. According 
> Prof. R. D. Asana of the ICAR, 
represents Ibe weight of an 
rgan or a substance harvested 
‘om a plant. Compared to the 
>ta] dry matter produced by the 
lant (biological yield), the weight 
f a useful part (economic yield) 
onstiiutes only a portion. A strong 
iicraction exists between pboto> 
r^nthesis (source activity), assimilate 
is tri button, translocation and stor* 
ge of assimilates (sink activity), 
although all the three determine the 
ield, the storage capacity of the 
nk is considered a major limiutioo 
) grain yield. The main compo* 
ents of, say, rice or wheat crop, 
itimately associated with yield are 
iflorescence per unit area, spikeleti 
er inflorcicenoet grains per ipikelet, 
nd grain volume and weight. All 
le four components have a great 
ifluence on the yield. These com* 
oncnts themselves are influenced by 
nvironmental conditions like light 
itensity. 


aUe 2. Harvest Index ef some crepe 


rop* 

Hervcsi index 

(approxitnaidy) 

roed teem < Horse beam) 

as2 

fooQ pea (Red grtm) 

0.1S 

hick pee (Bengtl gram) 

027 

>ybeen (Soya) 

0.50 

lung bean (Green graiD) 

0.23 

irghwn (Jowar) 

a47 


:owrtetyi Df. S. K. &nha, Waisr T«h- 
>locy Centre, I.AR.l., New Delhi) 



The change in the environment 
under which the plant is grown has 
a marked influence on photo¬ 
synthesis rate of a given variety. 
Actually, vanttal differences in the 
rate of leaf photosynthesis may be 
due 10 variety-environment inter¬ 
action. Both temperature and light 
affect the morphological characters 
of a leaf and so affect photosynibe- 
SIS. Besides the effect on photo¬ 
synthesis, temperature also has a 
complex relationship with spikelet 
formation, ripening and grain yield. 
In wheat, a relatively low tempera¬ 
ture increases the siae of inflorescence, 
number of spikelet, number of 
florets per spikelet and grain yield. 
There are optimum combinations 
of day and night temperature 
for each stage of grain develop¬ 
ment A higher temperature than 
the optimum will affect tho ripe¬ 
ning of grain. Translocation of 
assimilates from the source to the 
sink is also greatly affected by 
temperature. For example, trans¬ 
location of assimilates from tbe 
leaves of sugarcane is dependent on 
root temperature rather than on 
shoot temperatures. 

Photosynthesis iocreaaes with in¬ 
creasing light intensity upto a certain 
point. In a rice community it 
increases until 70.000 lux (Lux and 
foot-candles are units of expression 
for measuring light intensity. One 
foot candle 10.764 lux. For 
instance, on a bright, sunny day 
light intensity will be 90,000 to 
1,00,000 lux and on a cloudy day 
30.000 to 40,000 lux ). Grain yieM of 
rke decreases in low li^t intensity. 
High light intensity and low tern- 
penture arc faeourable for tbe 
fortnation of large infloresemes with 
many spikelets in wheat. When rice 
plants are grown id low light mtep- 
sity and high nitrogen supply, per- 
centige of sterility increaies. If 
there ti low light intensity usd high 
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temperature, ripening of grain wi 
be impaired in rice. In fact, a do: 
positive correlation of rice yield ar 
tbe total amount of solar radiatic 
during the whole of grain develo] 
meat has been reported. Expet 
ments carried out at the Central Rh 
Research Institute, Cuttack, in 197: 
74 on some varieties of rice hai 
shown the Imporunce of total sui 
shine hours for yield. A variei 
called i'tjayo at CBRI. Cutia< 
yielded 6135 kg/ha during rai 
season, when the mean daily sui 
shine hours was 8.3 to 9.1 hours i 
against only 3674 kg/ha during khar 
season, the mean daily sunshine hoi 
then being 3.4 to 5 hours. Tl 
duration of sunshine hours thi 
influences the yield. It it the photi 
synthetic pountial that explains t) 
difference, because photosynthesis 
dependent not only on light intensii 
but alto on iu duration. Dr I 
Yoshida, a renowned Japanese Sc 
enlist working at International Rj< 
Research Institute, Manila, Phili) 
pines, has vividly discussed the: 
aspects in the Annual Rt'flew < 
Plant Physiolaty, 1972. 

Light also influences marked! 
the assimilate distribution. Exper 
ments with labelled carbon, 
have shown reduced movement < 
^ terimllates from the ncedli 
(leaves) to roots in conifers in lo 
light Even shades produced b 
leaves can alter the proportion < 
assimilate distribution to di/terer 
links. If the photosynthates do n< 
reach the grain due to impairment i 
their distribution caused by lo' 
solar radiation, grains remain parti 
uuflUed. 

Besides light and temperatun 
water supply too determines phocc 
synthetic rate and assimilate distr 
bution. Reduction lo phoiosyniheti 
rate and in tbe rate of assimilal 
di^'hit^op has been reported undi 

Aoothef important external facte 
that tffbets photoeyathesis and yiel 
is carbon dioxide (CO|). Wit 
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Hf. 1. DfafruMMk of SoafCO^M (Ptarf: Ptaxroha mireus 

Roitanh: bCM). N«« ite m xm nrn u of tflsal *iMs* 4fpeo«iiS 

on asmftita hw* tfce Sooroe.* Ca^etidoo Mow dtficrail >mks’ tm Mst 
altatos cm be trsmlcM. A1 tbe poA^ndipacat fUgt^oii bfcoaes gmoptr 
IM Ite not ooMoL rMe Ibe ooiiites M d dprivMioo of 

aatoifaila fraa tte ««ce 


icrRAce in the CO* concentration 

f the atmosphere above 300 ppm., 
hotosynlhetic rate of the leaves 
Iso increased in rice» wheal, barley 


and soybean. The yield of rice 
increased from 10 tons/lia to IS.9 
tons/ha when COy conceoiration 
increased from 300 ppm. to 2400 


ppm. Both the grain number ai 
the grain weight arc responsible f 
the increase. 

Experimental manipolatioas 

It is now dear that the ultima 
yield is dcicrmtnctl by the effectiv 
ness of not only the source and sii 
but equally by the mechanism 
translocation of assimilates fro 
the former to the latter. The thr 
are interdependent and any distu 
bance lo one factor can have i 
adverse elTeci on the other. Expe 
menial manipulations arc possi( 
both at the **c>urcc and sink levels 
order to influence the yield. F 
instance, (he reduction of leaf ar 
(i.e.. source si/c) can be cfTccicd 1 
removal of a part of the leaf or I 
shedding snnie leaves so that tl 
rcmumiiig leaves can be made mo 
cfTcctivc. In this case, sink is ke 
intact. Results with niat/c and be, 
obtained by P.F. Warring et a 
Department of Botany. Univer&i 
College of Wales. Aherystwy 
{Nature, 223: I96K) showed th 
partial defoliation increased t 
photosynthctic rates in the remai 
ing leaves. So. manipulation 
the sink is possible by complete 
partial removal of some sinks, 
grapes, the cluster of very sm: 
berries are removed at an eui 
stage (this process K called Thinnini 
no that (he remaining berries atta 
the maximum size and marketat 
yield is improved. 

Praeticil approach 

Now. a thorough underslandii 
of source-sink relationship tn 
wide variety of crops is bei 
attempted. Genetic variability 
yields of many crops U being ex 
mined tn the light of source-sii 
relationship. Greater attention 
being paid lo manipulate the sourt 
sink aspects to achieve better ira 

{Cuatmued tm pagt 73.1) 
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Vitamin At the earliest and one of the most impCMrtaot fat-tolnble Titaminst 
is known to occur in two different formst viz., vitamin A, or retinol and 

vitamin At or dehydroretinol 


close interrelstionship between 
the carotenoids (yellow, orange 
r red pigments found in plants, 
aiticularly in (eaves and flowers, 
nd in certain animal tissues^ and 
itamin A regarding their biological 
clivity became clear when in 
92H B. V. Euler, H. V. Euler and 
f. Hellstrom working at the Che¬ 
mical Institute of the University 
f Stockholm. Sweden, reported (hat 
rystalline carotene was effective in 
aring rau deficient in vitamin A. 
lowever. it was the British Bio* 
hemist, Thomas Moore, wtmo could 
rst demonstrate that upon feeding 
tassive amounts of carotenes to 
sts, the pigments persisted appa- 
cnlly unchanged throughout the 
Kcstinal tract while large quantities 
f vitamin A were deposited in the 
ver. He concluded that, "^caroterte 
r some part thereof behaves in 
ivo as a precursor of vitamin A". 


Decisive proof of this, however, come 
later once the chemical structures 
of B*caroCcne (I) and vitamin A| 
or retinol (11) (Fig. I) were estab¬ 
lished by the brilliant researches of 
German Chemist P. Karrcr and his 
associates at the Chemical Institute 
of the University of Zurich, Swit¬ 
zerland in 1930*1932. 

An inlercsling diversion of Interest 
from the main line of research on 
retinol was opened up in 1937 by 
(he discovery of a new form of the 
vitamin, characteristic of the liver 
and other tissues of fresh-water fish 
and certain amphibians, later on 
labelled os vitamin A| or dchydro* 
retinol (111) (Fig. 1). 

In 1931, one of the pioneers of 
vitamin A rcsciuvV Prof. R. A. 
Morton of Liverpool University, 
Liverpool. U.K. together with 1. M. 
Heiihron and A. E. Cilbm of the 
same InsCiiulc observed that fish 


liver oils on treatment with Can 
Price reagent (antimony trichlorid 
in chloroform) sometimes showe 
absorption maxima (the wavelengl 
at which light absorbs maximuir 
at 635, 645, 656, 6S0 and 693 nr 
with a subsidiary maximum at 58 
nm in the visible region of the spet 
trum. This indicflied the presence c 
one or more chromogenic subslar 
CCS (substances containing certar 
groups of atoms the presence < 
which cause characteristic absor( 
tion of radiation irrespective of ih 
rest of the compound) in such oil 
Two groups scientists, R. / 
Morton, J. R. Edisbury and C. V 
Simpkins at the University of Live 
pod. England on one hand, and I 
Ledcrer and V. A. Rosanova at th 
Vitamin Institute, Leningrad. Russi 
on the other worked, indepei 
denily on the chromogen respo: 
siNe for 693 nm absorption band i 
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i^trr'Price reaction. However, it 
vas Morton and his group wbo ui 
.932 made it sure of a separate entity 
vhea they fouikd that 693 nm band 
vas absent in mammalian liver coo- 
«ntrates which gave only the 620 
im band on treatment with Carr- 
^ice reagent. Nobel Laureate 
3. Wald in the meanwhile in 1937 
observed the existence of a new 
hromogeo, different from the com* 
non retinal (IV) (Fig. 1) that fuae* 
ions In the eyes of some freshwater 
ish. Consequently Morton and 
lis group extracted and calculated 
he ratio of 693 nm and 620 nm 
oDcentratioD in the liver oils and 

yes of some of the freshwater fish 

b^ith ultraviolet absorption b—yl at 
50 nm with indexions, Le, smaller 
bands at 287 and 276 nm (Fig. 2). 
*his interesting aspect that the new 
hromogen was found invariably in 
igher concenlraiion in the liven and 


eyes of freshwater fUh eventually 
led them to the cemdusion that it 
was entirely a new substance, how¬ 
ever. related to vitamin A| and 
named it vitamin At (debydro- 
retinol). 

A thorough investigation of the 
distribution of the two vitamins 
has been earned out by many workers 
of England, Israel and India. It was 
found that in the freshwater fish the 
693:620 am ratio was about 2:1 
while in nuthne fish it was 0.15:1. 
However, in spite the highly 
variable proportions of vitamins A, 
and At in freshwater fish, certain 
geitoraUsatioo can be made. In 

carnivorous fisR, such as the pUce 

(£s 0 jr lucfur). the pike perch (lucr* 
opirea Mttdra) and the perch (Ferca 
fiirioiUis, the ratio fi (693 am): 
E(620 nm) is the highest, between 
2 and 3. Omnivorous fish sMh 
as the bream (AbramU brama). 


the carp (Cyprhta earpio) aiwl tl 
tech {Tmea tinea) and the migrator 
fish like the salmon (Safmn xafar 
the sturgeon (Aripen^ter t/urio), th 
eel (Angueth rv/gofh). the brow 
Iroui (Soimo furh) and Ih 
rainbow trout (SaMto irfdens) cor 
tain comparatively smaller propoi 
tions of vitamin Af The vitamin A, 
Aj ratio \how% htllc varialion in 
given species of fish; it was practi 
cally independent of the sex and th 
age of the fish and I he wuntry of il 
origin. Seasonal variations also d' 
not occur However, us the to»l oi 
content of the fish shows seasoni 
changes, dilution effects may b 
discernible In ihe same fish th 
£(693 nm): E (620 nm) ratio is not th 
sanjc in various parts of the body- 
il is Usually highest in the livei 
pyloric caeca and other absorbin 
surfaces of the gut. In the carp th 
ratio was 2.3: 3.5 in the retina am 
0.5 rO.9 in the liver. The halibu 
showed in E(693): E(620 nm) ratii 
of 1 :6 for the liver fat and I : H 
for the b<yjy fat. 

In India, some reports arc obtained 
about Ihe retinol and dehydroretino 
contents of liver oil of freshwate 
fish. Some of (he species are riel 
sources of dehydro retinol. R. K 
Barua and P. O. Nayar of th 
Department of Chemistry, Gauhat 
Urtiversity, Assam (M. /. Chem. 
2, 254. 1964) could show (ha: 
the carnivorous fish have a highei 
dehydroretinol content than omni 
vorous or vegetarian fish, while somt 
of the fish studied by them {Hiht 
itita, Pangasium pangaxiam ant 
Ophicephalus striatus) do not con 
tain any amount of retinol. Furthe 
reports have shown that the scale 
bearing fish with herbivorous habita 
contain mainly retinol. Moreover 
among the carnivorous fish the reti 
nol content is higher in the specie: 
of riverine habiut than those of thi 
lakes and ponds. 

Although it is now well estab 
lished that retinol is formed fron 
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le proviumins A containing nt least 
ne unstibstituted ^-ionone ring, 
z., p-carotenn, a-carotefie. Y-catv* 
:TK» cryptoxonthin, ‘citroxanthin, 
:hinenone» torulorhodin. etc. little 
known about the biogenesis 
r dehydro compound. Long 
efore the structure of vitamin At 
'as proved to be >dehydro-vitamin 
t,, R. A. Morion and R. H. Greed 
bscrved {Biochem., 33, 318, 
939) that administrarion of ^-caro- 
;nc resulted in an increase of 
oth retinol and dehydroretinol in 
ome freshwater fish. However, this 
nding has not been confirmed, 
ome other reports about the pre* 
ursor of dehydroretinol have ap« 
cared from time to time but the 
ndings fail to reveal the true origin 
r dehydroretinol from natural sour- 
e$. Moreover, almost all the works 


carried out on thb aspect were in¬ 
direct, as the experiments were con¬ 
ducted not on fish but on chicks 
and rats which do not normally 
contain dehydroretinol id their 
tissues. 

In a recent work with Saeto- 
branchus fifssUu as the experimental 
freshwater fi^, A. B. Barua and his 
CO workers at the Department of 
Chemistry of the Uoiversity of 
Gauhati, Assam could explore for 
the first time Cbe true biosynthetic 
pathway nf debydrorclinc^. It has 
been shown that Saceobranefats 
fossUiSt a comoKHily availaUe fresh¬ 
water fish (Fig. 3a) which was made 
vitamin A-deficient by being fed 
on a diet of rice and goat meat (Fig. 
3b), cannot cooven the orally or 
subcutaneously administered ^-caro- 


tene or zeaxanthin (3. 3'-dihdyroxy 
p-carotenc) into dehydroretinol. On 
the other hand, lutein (3, 3'-dihy¬ 
droxy ■<arotene) (V) (Fig. 4) or 
anhydrolutein (3'-4'-didehydro 3- 
hydroxy B>carotene) (VI) (Fig. 4) 
on administration by either pathway 
can easily, be converted into dehy- 
droretitiol. It was possible to isolate 
some anhydrolutein after lutein was 
fed to the vitamin A*depleted 
S. fossifis as well as the * occurrence 
and isolation of anhydrolutein 
from the liver oil of freshly caughb 
fish, fhis confirmed the view that 
lutein can be transformed by the 
fiih into anhydrolutein which is then 
convetred Into dehydroretinol. 

There Is no report till now about 
the availability of anhydrolutein in 
the plant kingdom. The occurrence of 
anhydrolutein in 5. /oxsHix indicates 
that the fish can synthesise anhydro¬ 
lutein only through dietary lutein. 

Based on these findings a pathway 
of the biogenesis of dehydrorelinol 
has been proposed (Fig. 4). 

Elarua and his coworkers were 
able to show that dehydroretinol is 
derived from an entirely new type 
of precursor, different from the 
familiar provitamin A carotenoleds, 
and that occasionally even th 
hydroxylaled carotenoids can serve 
as precursors for vjiamio A-ac(lve 
compounds. 
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H OW is tail useful to ao animal? 

To understand this aspect, one 
hould knew something of it as 
I occurs in different classes of 
ertebrates. 

The post^naJ part of the body is 
ailed the caudal region. It is in 
his region that the tail or tail hn 
i found, li is a characteristic 
eature of almost all vertebrates 
nd is typically absent in non* 
hordates. In adult branchiostomes 
iid in larval urochordates a is 
upported mainly by notochord, 
lul in vertebrates it is supported by 
he vertebral column and hence is a 
lart of the axial skeleton. In its 


primitive form it occurs in Agnatha. 
In aquatic forms, due to the pre- 
sc nee of myolomcs. it serves as the 
chief propulsive or swimming organ, 
while in terrestrial forms, including 
viviparous and oviparous species, 
it assumes various shapes and func¬ 
tions according to the needs of the 
body 

Fishes 

In ftsltes the tail fs surrounded by 
tail hn or caudal fin and plays an 
important part in the forward thrust 
So it is well developed in many 
members of the class Pisces. In 


ScicDce has a tale to tel 
about tails 


them the caudal lin is supported t 
the notochordal axis which may i 
straight or upturned or downward 
directed. 

The structure and the devclopmei 
of the caudal fin of aquatic vert 
brates has been studied by mar 
workers. The terms protncercal t 
diphycercal, hetcroccrcal and ho mi 
cereal indicate the main types < 
caudal fins in fi.shes. Moditicatic 
of types are many und m 

quite interesting in ihcmselve 
Therefore a brief account of fhei 
types is essential to know the 
functions. 

ProtocercaJ or diphyctrcc 
In this type of tail hn the notochord 
axis is straight dividing the tail f 
symmetrically, both externally an 
internally. The fin is supported I 

fin rays which arc either modific 
neural or haemal spines (e.g., livir 
Agnatha) nr by true fin rays moui 
ted on the epurals or hypura 
(e.g., adult cod). In cods the tri 


)rs. Tandon ind Ktur ;each toology ai Punjab umversiir. Oundi^rb 





Flp. 1. Hctcroccrcal OiQ fli 2. MoaMvcrciJ lifl fto 3. riumMCil 9t 

4ifkyttnMJ itB fta 4 Tiil «C Irttm 


iudal is reduced and certain dorsal 
nd anal fin elements are fused with 
However, in the larval cod, 
lie tail is fundameneally asyoi' 
letricaJ. 

Heterocercal. In this type of 
lil fin the notochordal axis is 
imed and almost reaches the 
p of the epichordal lobe of the 
audal fin. Hence the caudal fin 
I asymmetrical externally as well as 
iternally. The bypochordal lobe is 
«!! developed. This is characteristic 
f elasmobranchs and sturgeons. 

fiomoctrcai. This is a modifica- 
ion of heterocercal taQ in which 
lie notochordal axis stops short but 
; turned upwards with the result 
lat both the lobes of the caudal 
p are copstituted by the lower or 
ypochordal lobe of the caudal fin. 
he epichordal lobe receives support 
'om the epuraJs which do not. in 
ict. contribute to the formation of 
M caudal fin. Thus the tail fin is 
r'mmetrical externally but a»ym« 


metrical internally. This is Chirac* 
teristic of all the living bony fishes. 

In some forms the tail is Airiher 
modified into: (a) Isocercal or lep- 
tocercal, (b) Gephyrocercal. and (c) 
Pseudocaudal. 

Isoctrcoi or Uptoctrco!. In this 
type of tail fio the lower lobe of 
the caudal fin is reduced in size and 
the dorsal and anal fins elongate 
until a continuous fin fold is reesta* 
blished. This is characteristic of 
rat tails, eels and some blennid 
fishes. 

Gtpkyrocrecai. In sunfishes the 
body ends abruptly behind the short 
high dorsal and ana! fins and is 
margined by a low. rounded caudal 
fin with a siigh^ wavy edge. The 

supporting elements are derived from 

dorsal and ventral interspinous bones. 
This type represents a specialized 
condition and is found only in un> 
related pearl fi^ies. 

Psfu<loeaudal. In modern lung 
fishes ‘he caudal fin is formed by the 


backward growth of dorsal and an 
elements. At no stage of the U 
history is there any evidence • 
hetcrocercy. Yet it is difficult ' 
believe that this is a true protoccrc 
tail because all the known ancestr 
lung fishes possessed clearly heter 
cereal tails (Norman, 1963). 

The lobes of the homocercal ti 
assume different shapes such i 
lunate or crescentic, forked, emarj 
nale. truncate, rounded, pointed ar 
double emarginate. Each type 
indicative of the speed of the fis 
e.g.. fishes with lunate or cresce 
tails are fast swimmers and tho 
with rounded homocercal tail fii 
are slow swimmers. Other caiegori 
fall in between these extremes. 

*Invfried* keleroctrcaJ tail J 
or hypocereal toil fin, In this case t! 
notochordal axis slops short and 
turned sharply downwards so th 
both the lobes are developed fro 
the upper part (epichordal lobe], tl 
hypochordal lobe being greatly r 
duced. It is found in extinct Agnath 

A special type of tail fin is foui 
in Trachyptrrus (Deal fish) in whit 
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caitdut fin is directed upwards at 
right angles to the long axis of 
the body. In the young i\sh. the 
rays of hypochordal are >ufiwicntly 
elongated to form filaments but. later 
in ontogeny, the rays of hypochordal 
atrophy. !n the aiJuU only ilie epi* 
chordal lobe is left behind. 

From the evolutionary' point of 
view hclerocercai tail (and its 
modification, the hypocercal lad), 
is most primitive, indicating that 
even in earlier fishes or fish* 
like vertebrateis there was a pro- 
loorrcaJ lad. Homocercal tail is a 
recent acquisition. 

AaifhlWaBS 

In amphibians, tails and tail fins 
sre present in the tailed amphibians 
and (he larvae of Uil-less amphibians, 
but never supported by fin rays. 
In urodelei many caudal vertebrae 
follow the single sacral vertebrae, 
sach with a small neural arch and a 
imaJI haemal arch. In anurans. 
Iiowever. all vertebrae posterior to 
the sacrum are fused into a single 
K>lid structure called the urostylc 
arhich acts as a counterbalance 
luring the animars terrestrial loco- 
notioci. The tail may be either 
impressed bearing a tail fin as 
in Nectuna, Froieus, Tritim, Sittn 
ind Axolotl larva of Ambystoma,9tc., 
it it may be without a tail fin, e.g,. 
idull Ambly^iomo and Sotamandar. 
In frogs and toads the tail and a tail 
in are present only in the larval 
iiages and absent in the adult 
Afbeaever the tail is present it helps 
0 locomotion both oo land and Iq 
vater. 

KepSiles 

in contrast to amphibians, all 
eptiles possess well developed 
ails. In them the caudal region is 
if variable length. In most reptiles, 
he haemal arches are ool fused onto 
he centra but arc separate bones 
ailed chevron bones, articulating 



1 Taff if AuM «! A^i 
7. TsH (ki »aste tBa h fm y 
ATtf ftHtntiai a TtU fb el fma valtr 
4oi$kiu /9*«r<Mw) 

with centra. The tail may cither be 
very short as in tortoises and tur¬ 
tles or long and laterally compressed 
as in SphefWkm and Formwr or 
fairly long and tapering as in GdMrr, 
Phrynosoma and Angitis or it may be 
slender and tapering as in lizards or 
geckos or it may be slender and 
tapering as in Draco, but in this form 
it is not brittle. 

In lizards, the phenomenon of 
autotomy, i.e., breaking a part of 
the tail is common. In the tail, 
almott every caudal vertebra has a 
narrow transverse uaossified zone at 
which it breaks up readily. This 
roechanism is used for self-defence. 
When pursued by an enemy or caught 
by tail, the geoko breaks oif its 
tail, the latter engages the enemy 
by performing wriggling movements 
and enables the lizard to escape. 
After some time a new tail regene¬ 
rates but lacks vertebrae. In snakes 
also, the phenonwaou of autolomy 


can be observed. Actual cases * 
two tails have been found in lizards 

in Chamoe/t'nn (he tail is Ion; 
cylindrical, tapering and prehensil 
li ts rolled downwards (o coil roun 
the branches for extra grip. I 
Heltk/t-rnta, popularly named as gji: 
monster or poisonous lizard, it 
thick and serves as a storehou^ 
for fat. Generally, the snakes hav 
a short and tapering or blunt ta 
as in £ryx where i( looks like th 
head. But in Crotahtf or ratd 
snake there is a niUlc at the end c 
the tail. The rattle consists of 10—1 
dry horny ring> loosely held togethei 
It produces a characierisric rattlin 
vound when Che tail is vibralec 
probably for warning the intrudei 
In the sea and other freshwate 
snakes the tail is laterally compres^ 
and oar-like for swimming. In cre 
codiles the laJ is large, heavy am 
compressed and IS used for swimmini 

Birdi 

True tails in birds are exiremel; 
short and stumpy and are known a 
uropygium. In them the cauda 
vertebrae are greatly reduced bod 
in size and number and fused togethe 
to form pygostyle. This is th( 
tkeletai support for the tail feat hen 
and its size is proportional to the lizi 
of tail featbers and stress on them 
The p^os^le bears long tail feather 
to whkh the word *lair is usually 
applied. On its upper surface t 
small papilla, bearing an opening 
of the oil gland, is situated. Thi 
oil secreted by this gland makei 
feathera waterproof. In kiwi: 
tail feathen are absent In Af{7v44^ 
(pariah kite) the tail is forked 
In male Pavo (peacock) the tai 
possesses a long tram of numerous 
gorgeous, erectile, occllated tai 

covert^ The tail feathers in bird! 
are splendidly coloured. 

Mammals 

Most mammals have well develop 
ed rails, but this ii lacking in tlu 
adults of all the higher primates 
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t i$ represented in them by vescigeal 
audaJ vertebrae, usually 3-5 in man, 
ltd tifly or so in sculy ant-eater, 
tarely, u fleshy tail extends a few 
nches beyond the caudal vertebrae. 
Vhether or not an cxlcrnnl tail is 
present, the muscles which move the 
ails of other mammals are prevent 
n the primates. 

In mammals there are three sacral 
ertebrae which are fused to the 
elvic girdle. bOt in some species 
here are as many as seven or eight, 
'ollowing these are the small caudal 
ertebrue articulating at lea.st ante- 
iorly with the chevron bones. Loss 
f articular surfjices in the tail ver- 
sbrac of mammals allows many- 
ided movements of thet ail. A lad is 
bseiu in apes and man. The whales 
ave two lobes of tail fin which 
re at right and left. In JifTcrent 
*1 animals it is ditTerently modified, 
t IS bare with the heavy species like 
oars; small with the shaggy ones 
s in bears; very long and bristly 
s in horses. Oxen's tail has a very 
)ng stem, with a tuft at the end, 
nd in asses it is longer than in 


horses, but it is bristly in beasts of 
burden. A lion's tail is shaggy 
(woolly, covered with rough hair) 
at the end, as with oxen and shrew- 
mice. but not so with leopards. 
Foxes and wolves have a heavy 
tail as have sheep. Pigs curl the 
tail, dogs of low breeds keep it 
between their legs, otherwise 
upturned. 

Hence, during teirapod evolution, 
tails of various animals became 
adapted in diverse ways. c.g.. (I) tail 
acts as a powerful organ for loco¬ 
motion in lishev. tailed amphibians, 
crociniilians. heavers and wholes, 
(2) os a prehensile organ in the 
American monkeys. Oriental langurs, 
chamavleons and sea-horses. (.)) for 
seU-defenee as In luards and geckos 
(4) as a balancing organ In animals 
that walk or leap mainly on the hind 
legs such as kangaroos and squirrels. 
r>uripg winter season when squirrels 
hibernate, the hairy tail acts as a 
blanket, (5) it acts as a covering 
for the anus and gcnilalia. 
(6) for storing food (fats) in 
dermo^ the poisonous lizard, (7) as a 


fly-whisk in cattle and hor 
(It) as a seal in kangunnis, (9) 
carrying the young ones as in so 
shrews and oppo»ucns, (10) 
providing a sensitive under-surf 
in monkeys, (II) as a signal 
warning of danger in rabbits, v 
show the underside of the tail 
such times, (12) for steering 
flight in birds, and (1.1) for sex 
display in birds of paradise ii 
peacocks. 
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IOURCE*SINK RELATION {Continued from paxt-72i) 


\ a crop tor higher yields in a given 
rca. Nevertheless, one has to keep 
1 mind that mere manipulation of 
:>urce or sink is not enough to 
ring about the desiied levels of 
ield. In such cases agro-climahc 
ariations of the area deserve equal 
riority. A deep insight into these 
spects to identify the problems in 
tdividual cases in a given area 
'ould go a long way in evolving 
meaningful approach to experi- 
icntal maoipulalions. Neverthe- 
rss, any attempt to enhance the 
ink capacity is definitely' a new, 
ighi approach to achieve higher 
ields. The great task that lies 


before plant physiologists is to 
carefully and critically examine the 
sink potential of each crop and 
secondly the means to realise such 
potential. 
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The method for measurement O! 
restoration with microwaves is simple 
It does not require contact with tbi 
subject; in fact, the subject may b« 
fully doched. Microwave radiatio? 
from a special type of anteniu 
known as horn antenna is directet 
towards the upper torso of the sub 
ject and the reflection from th< 
chest is detected and compared wit) 
the transmitted waves. The rcsulian 
signal is measured Ut give n^pirator^ 
information. As a matter of fact 
upon incidence on the subject, Ch' 
microwave signal is modulated botl 
in ampliiode and in phase by th' 
moving chest wall. The scatters 
energy modulated by the respirator 
measurements is detected by a ci^s 
taJ detector mounted on the re 


Microwaves in respiration 
measurements 


OPTICAL and acoustic radiations 
J have been used for long as 
iluable tools in biology and medi* 
ne. Microwaves which have 
dr wavelengths in the range of 
i cm to 1 mm have now found 
eir use in diathermy—a method of 
edical treatment to heat the body 
;sues by the passage of a high 
equency electric discharge. For the 


He claims that his method has 
several advantages over the con¬ 
ventional techniques because it does 
not require a direct contact with the 
subject (human being). With the 
use of this technique, the problems 
such as skin irritation, restricted 
breathing and loose electrode con¬ 
nections are easilv eliminated. 


ceiving microwave horn. Signal i 
fed to the ratio-meter, a device whici 
is capable of comparing two signals 
to compute the instantaneous ratii 
between the scattered and the rs 
ference signal. The output of th 
ratio-meter is the voltage, whos 
frequency corresponds to th 
rate of respiration. 

In Fig. 1. an experimental set-u 
for such measurements is showr 
This set-up consists of a micro wav 
source, an attenuator, a directions 
coupier, a ratio-meter, an amplifle 
a recorder, a detector, two mierc 


eatment of animal tumors by 
ic moth erapeu tic drugs, micro- 
aves are currently being used to 
at the body tissues. Except for 
alhermy, microwave devices are 
irely seen in clinics. This is in 
larp contrast to optical and acous- 
:al radiations. The use of mi- 
owavc instruments in clinic deserves 
ore attention now because many 
;pects of microwave interaction 
jth the human body have come to 
tht. 

Recently, Dr. James C. Lin, 
’ Wayne Suie University, U.S.A.. 
ported qf /£££'. Oct. 

175 . p. 1530) the use of micro- 
ms in respiration measurements. 
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another series of experiments the 
subject was a seated man breathing 
deliberately at approximately 47 
times a minute. The distance 
between the subject anJ the antenna 
was again ^0.4 cm. The typical 
results gf such an experiment are 
shown in Pig. 3. Ji can be seen from 


these examples that the techniqu 
is very useful for respiration measun 
ments. 

Vtir\t)Eft SHARM; 
MirroKave teboraior 

Depff. of PhysiesGf A\trophysK 
Vni\. ofOvlhi, Mhi-IOOQ^ 
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Seven bridges of Koenigsberg 


ISEC 

Fl|. 2. Mktnwave mea^urMient of res¬ 
piratory motcinmt of lutiet nbMt 
Fig. 3. Microwave rc^ratory mnwremeM 
fur seetetf huoiaa bmihinc 

ai 47 tints per mitHRe 

wave horn antennas and the subject 
(man or animal). The microwave 
source generates microwaves sigrtal 
at 10 kilo*megacycles per second 
with a maximum output power of 
10 milliwatts. The attenuator which 
absorbs power is used to control 
the power of the mtciowave signal. 
The directional coupler is capable of 
dividing power into two arms with 
definite amounts. One arm of the 
directional coupler is connected to 
the microwave hom antenna to 
transmit the signal while the other 
arm is joined to the ratio*meter. The 
second antenna receives the signal 
reflected from the chest of (he sub¬ 
ject. The detector detects the re¬ 
ceived signal and sends it to the 
ratio-meter. The amplifier is put in 
the set-up to amplify the output of the 
ratio-meter and the amplified signal 
is recorded on the recorder 

in one series of experiments. 
Dr. Lin used a 5.1 kg albino rabbit, 
which was kept at about a distance 
of 30.4 cm from the antenna. A 
typical recording of respiration of 
(his subject is shown in Fig. 2. Jo 


T here K a weU-known topolo¬ 
gical problem with the title given 
abi>ve. In the ISih century, (here 
were seven bridge^ across the river 
Prcgcl in the town of Koenigsberg. 
(the birthplace of eminent philoso¬ 
pher Kant) Prussia. They con¬ 
nected two islands (one of them being 
KneiphoO in the river with each 
other and the b<«nks. Now. 

the question is whether a person cun 
plan a continuous without 

rccrossing any of the seven bridges. 
In giber words, the person has 
to cross each bridge only once 
and no more. Leonhard Euler and a 
number uf mathematicians and 
scientists tried to solve the problem. 
They followed the trial and error 
method. They tabulated carefully all 
the possible paths and then inspected 


whether any of these lahulnted path 
sitlisties the condition of the problen 
The method h tedious and difficti. 
because of the large number of corf 
binations involved. Moreover, ih 
is not a general inclhod: it canni 
be applied to problems involvin 
any number of bridges. Euler wt 
the first to hod a general mcthol 
which would tell whether such . 
journey was possible or not. 

Let us designate various lan| 
areas (Fig. I) that are separated frol 
one another by the river as A. B, \ 
and D and the budges as a. b, c. d, * 
(. g. Let u.s also denote ihejou'ne 
from one land area to another, sa; 
for example, from A (o B (across 
o r b) as A B. The jou rncy A B mear 
that a traveller started from A t 
arrive at B. Now. if the sarr 
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uvelkr goet to D across the bridge 
then the second journey is simply 
D, and we denote the consecutive 
tumeys as ABD. Similarly, it the 
ime traveller proceeds to C from 
'.across g. we denote the whole 
^urney as ABDC. In ihti system, 
e find that when a person is crossing 
single bridge, the number of lctter$ 
wessary to denote his journey is 
, when he crosses two bridges, 
e number of letten to denote the 
urney is 3; when he crosses three 
'idges. the number of letters is 4; 
td so on. So. a journey is described 
t a number of letters one more than 
e number of bridge crossings, 
ere, it does nof matter whether a 
rson goes from A to 6 by a or b; 

deals with only wherefrom 
le starts and where one reacnes. 
a route can be made in 5uch a way 
at each of the seven bridges of 
[>cmgsberg is crossed once only, 
en we shall require eight letters to 
scribe that route. Further, in ihc 

ter series the combination AB 
BA) will have to occur twice as 
:re are two bridges, viz. a and b. 
ning A and B. Similarly, AC will 
cur twice but AD. BD a(*d CD 
II occur only once. 


Let u$ formulate another rule. 
Consider a particular region, say 
A. to which one or more bridges 
lead. If only one bridge leads from 
say B to A. then.we can designate 
the route dither as AB (when the 
journey is made from A to B) or as 
BA in a manner already described. 
Here the region A is mentioned 
once only, if there are three bridges 
leading to A from B then the route 
will be B A through the first 
bridge. A B through (he second 
bridge and again B A through 
the third bridge. The route 
thus can be described as BABA. 
It may be the case that all the bridges 
do not lead from B only, but say 
two from B and one from another 
region C. In that case the route will 
be expressed as CABA. In any 
case the region A is mentioned 
twice in the symbolic expression of 
the journey. The case when there 
are two bridges joining A and C 
and one bridge joining A and B 
gives the same result. Similarly, 
if there are five bridges leading to A. 
the symbolic expression for a route 
that crosses them all only once will 
contain A three times. A rule can 
thus be formulated: If the number 


of bridges is odd. increase it by ov 
and uke the half of the sum. Tt 
quotient will give the number < 
times the region will occur in tt 
symbolic expression of the route. 

Jn case of Koenigsberg problei 
there are five bridges leading to > 
three to each of B. C and D. Thei 
according to the rule. A will occi 
three limes and each of B. C and 1 
will occur twice in the symbol 
expression of the journey. Tli 
sum of the number of times tt 
letters A. B, etc., occur in the symb( 
lie expression of the Journey is ! 
According to Euler, if the number < 
bridges plus one is equal to the $ui 
of the numbers which mdioate ho' 
often each individual letter (repn 
senring a region) must occur, the 
the journey crossing the bridges one 
only is possible. In case of Koenig: 
berg bridges problem this sum (viz.,^ 
is greater than the number of bridgt 
plus one (viz., 7 + I ■ 8). Hem 
such a route cannot be constructe< 

The method so far developed 
not yet complete because in case < 
Koenigsberg problem all th 
regions were approached by od 
numbers of bridges and we did nc 
feel the necessity of considering th 
case where an even number of bridgi 
approach a region. Let us no' 
suppose a particular region, say A 
approached by two bridges. Thei 
if the journey starts from A, then t 
will occur twice in the denotatio 
of the route but will occur once on) 
if the journey starts from som 
other region. Similarly, if A i 
approached by four bridges, the 
A will occur thrice if the journe 
starts from A. and twice.if th 
journey starts from other regior 
Thus, if an even number of bridge 
leads to a region A. then the numbe 
of occurrence of A in the symbol! 
expression of the route is half ih 
number of bridges leading to A i 
case the Journey starts in a regie 
ocher than A. but one more if joume 
starts from A. The general principl 
to deiermine whether the route 1 
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No. ^ bridttt 
kadOti 

No. of ocKwreoee of 
rke rtgtoo tM ihe 
txfrtsiioo of At 


9 

3 

B 

J 

2 

C 

3 

2 

D 

3 

2 

Tout 9 

The number of bridgaa pka 

one Theitiore such a route cannot be constnicted. 


TeMe 2. Seco^ preUea 




Nc. of ofoutttfice 


No.ofbeUrts 

of the ffftM to 


koSttf 

the exprtntoo of 



the roote 

A 

t 

4 

B 

4 

2 

C 

4 

2 

0 

3 

2 

E 

S 

3 

F 

6 

3 



Total 16 


The number of bfid|e$ plus one «15 ^ 1^16. Therdore utJi e route can be eorutmcted. 


possible or not Is: if the sum of the 
numbers^ which indicate how often 
each individual letter must occur, is 
equal to the number of bridges plus 
one. the journey is possible provided 
it starts from a region approached 
by an odd number of bridges. But 
if the sum ts one less than the number 
of bridges plus one, then also the 
construction of such a route is 
possible if the route starts from a 
region approached by an even 
number of bridges. For example, 
consider another problem where six 
regions are connected by 15 bridges 
as In Fig. 2. 

Here, if we designate the regions 
by A. B. C. D, E and F and the 

bridges by a. b, c.o, o as 

ID case of Koenigsberg problem, 
then the number of bridges plus one 
is 16 and the sum of the number of 
occurrence of regions is 4 + 2 +2 •¥ 
2 + 3 + 3 M 16. Hence such a 
route is possible if it starts at D or 
E. Euler gave the expression of the 


route as: 

EaFbBc Fd AeFfCgAhCi Dj AI Bm Ao 
BnEkD. 


S ilicones have made news in 
recent years as a new family of 
synthetic resins of silico-organic 
class. They contain carbon, hydro- 
gen. silicon and oxygen. Silicones 
are a group of semMoorganic poly¬ 
mers of alternate silicon and oxygen 
atoms with various organic groups 
attached to silicon atom. One of the 
commonest monomers is dimethyl 
silicone, which gives a 

polymer having a repealing structure 
-Si(CH,),—0-Si(C H 
Silkon is a tough and stable elemeot 


After thorough observation of 
the proUem the following rul’^ 
are fonnulated to complete the 
method. 

(a) If there are more than two 
regions which are approached by an 
odd number of bridges, no route 
satisfying the required condition 
can be found. 

(b) If, however, there are only 
two regions with an odd number of 
approach bridges, the required jour* 
ney can be completed provided 
it originates in one of those 
regions. 

(cHf* finally, there is no region 
with an odd number of approach 
bridges the required journey can 
be effected, no matter where it 
begins. The problems consider^ 
in ihis article can be tabulated at 
jn Tables 1 and 2. 

S. KAftXNiAl 
Dtptr.'of Maths 
F.O, Vni¥. af Bcn^ai 
W.B. 7Z4430 
M. Sen 
SOiguri College 
F. 0. Siliiuri 
W.B. 7Z4401 


but when it combines with carbon 
il forms a durable, sori and glass-like 
material which goes under the name 
of silicones. They may be obtained 
in many physical forms such at a 
gas. as a mobile liquid, as a thick 
oil. as a rubber-like elastic material, 
as an adhe.sive, and even as a hard 
substance like stone. In many in* 
dustries and appliances, silicones 
find wide use in making waterproof 
clothes and papers, waterprool 
rain-coats, waterproof grocery bagi 
shoes and dresses impervious tc 


The versatile silicones 
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rain or water. Silicones are used as 
lubricants in high'flying aeroplanes 
as they do not freeze even at 
and nevet vapourize even at as 
high a temperature as 200*0. Sili- 
nule paints and vamtshps can with- 
sUrRi high temperatures, dense sun¬ 
light and corrosive chemicals without 
the slightest sign of deterioration. To 
luih up, silicone products arc used 
in a host of materials from tele¬ 
vision sets and hypodermic 
neadles to baby bottles. According 
to an estimation hy an American 
coenpany. silicone materials are now 
in use in almost all basic manu¬ 
facturing and processing industries. 

Medical use of .siliconcs is fur more 
amazing than iu other uses. Us 
recent use in plastic surgery has 
brought about ii revolution in the 
medical world. Repair of cars. jaws, 
noses, breasts and other parts of 
Che body hav brought mental as 
well as physical relief to hundreds 
of men and women. Its recent use 
tb build up the ugly chin of a lady 
secretary in Portland. Maine, who 
was much depressed for her ugly 
appearance, is a marvellous achieve¬ 
ment of plastic surgery with silicones. 
A Philadelphia woman who had a 
saddle nose got it operated and re¬ 
built with silicones and looked 
prettier. A Chicago girl lost one 
of her ears in a dangerous car 
accident. She got it replaced in 
natural look with silicone implant. 

Denis Lee, the Associate Professor 
of Art in the University of Michigan, 
U.S.A. aikd Director of Medical 
Illustration at the University's Me¬ 
dical Center, ha.s perfected a method 
to restore lifedikc can, noses, fingers 
and disfigured face« with materials 
made from sUicone rubber. He 
was able to restore lost parts with 


all realism including flesh tones in 
hundreds of men and women who 
suffered the^ losses due to various 
accidents. Persons suffering from 
arthritis in hands and legs are 
being helped with silicone implants 
of finger Joints. These finger joinu 
are able to restore function of hands 
crippled by rhcumaioid arthritis. 
Numerous replacements like wrists, 
jaws, elbows, knees and toes are 
being doffe with the help of silicone 
materials. 

The family of silicone materials was 
first explored by an English chemist, 
F.S. Kipping, Professor in Not¬ 
tingham University, England in 
the early part of (he present century. 
He was more inicresied in its chemical 
structure rather than iu versatile 
application. In 1943. an American 
company became interested to pro¬ 
duce silicones not only for their mili¬ 
tary use in insulation and as grease 
for military aircrafts, but for medical 
use. They became the sole pro- 
ducen of various silicone products 
suitable for medical use and esta¬ 
blished centres for aid to medical 
research in Midland, Michigan for 
carrying out investigations in medi¬ 
cal silicones. They are now the 
largest supplier of implantable 
soft tissue substitutes in the worid. 

The first noteworthy success of 
silicones was when glass was coated 
with silicone. The liquids did not 
adhere to it. This meant that the 
injection bottles will be completely 
drained oft when they are coaled 
iuride with siiicooes. Blood would 
not clot ordinarily if kept in a 
silicone-coated glass bottle. This 
residtcd in a complete revolution in 
the storage of blood in blood banks. 
Silicone rubber tubing developed 
in 19S5 had a wonderful application 


inside human body. There is a 
peculiar disease named hydroce* 
phalus or 'water on the brain', 
Here the spinal fluid accumulate; 
in the brain resulting in an abnormal 
enlargement of the brain. The 
most successful treatment of tht 
disease is to drain off excess fluid 
from the brain thiough a silicone 
tubing (o other parts of the body, 
especially the abdominal cavity. A* 
many as 300.000 lives have beer 
saved so far by this technique. 

Silicone materials have amazing 
permanence showing little chemical 
change. They are the only tissue 
substitute the body never rejects and 
which remain permanently soft like 
natural tissues. Silicone rubbet 
tubings may be implanted inside 
the b^y to replace urethra—the duci 
through which out budy discharge; 
urine. Silicone tubings are belnj 
planned to be used as a substitute 
for bde-ducts, tear-ducts, trachea; 
and ureters. Some silicone materials 
are also being planned to reinforce 
hernias and to aid in the replace* 
ment of tendons in the heavily 
scarred tissues. 

Hypodermic needles coated with 
silicones are less painful tiun non* 
treated needles. Silicones are in 
use in heart pacemakers and in repaii 
ing detached retinas of the eye 
Silicone capsules for medicine are 
being planned which will release 
minute amounts of drugs after a 
long period of lime. Silicone fluid 
injection Is helpful in removinf 
facial contours due to age and tc 
iron out wrinkles of the face. 

GOKULANANDA MaHAPATRZ 
Chemistry Deptt 
Jiavenshaw Coiiegt 
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Aeroponics 


T he artlAcial culture of plants 
in a medium other than soit 
has been known for years and has 
enabled plant physiologists to trace 
the role played by different.mineral 
elements in the growth of plants. 
The usual techniques include hydro* 
ponies, tank farming, tray agriculture, 
oucriculture. etc. in their latest paper 
in Piant Physiology 57. 344- 

546> John S. Torrey artd his colle* 
agues at Cabot Foundation. Harvard 
University (U.S.A.) describe a novel 
"Aeroponics' technique where plants 
can be grown with their roots cons* 
tantly bathed in a mist of nutrient 
solution. 

The aeroponics system consists of 
a polyethylene-lined plywood box. 
the top of which has a strong, rigidi 
moulded and compartmentalised plas¬ 
tic fluorescent screen called "egg 
crating’. The plastic screen is fur¬ 
ther covered with polyethylene and 
heavy duty aluminium foil. Holes 
which hold the plants with their 
root system hanging inside ibe box 
are made in the plastic foil using 
a razor blade. An impeller system 
composed of a motor attached to a 
board above the box. a starnltss 
steel shaft connecting the motor and 
the spinner, and a s(Hnner having 
small openings at the top and its 
tip dipped in the nutrient solution 
in the box is used to propel nutrient 
spray into the chamber. When the 
the motor is on. the nutrient solu¬ 
tion is sucked in by the spinner 
through centrifugal force and is 
atomized through the small openings 
above, thus creating a highly nu¬ 
trient. rich, mifty environment from 
which the plants can well take nu¬ 
trients and grow. The assembly of 
the system is outlined in Fig. I 
The advimtages of such a system 


are many. It is a simple inexpensive 
technique without involving complex 
machinery and is easy to operate. 
Plants grow luxuriously m aero- 
penics primarily due to the ion-rich 
aerobic environment. Unlike water 
culture experiments (hydroponics), 
aeroponics favours a good root hair 
formation which is an important 
consideration for studies on nodu- 
laiion in legumes. A uniform in¬ 
fection of the roots with rhizobium 
can be easily achieved by simply 
introducing the bacterial suspension 


I T is now well* established that 
plant growth is regulated in its 
natural course by a set of different 
hormonal substances in complex 
interactioDs among themselves and 
other non-hormonal factors. Since 
the discovery of the first naturally 

7Jt 


into the nutrient pool. Above all. 
it is possiUe to get dean and intact 
samples of root without any mecha- 
okal injury for chemical or histo¬ 
logical analysis. Apart from legumes, 
other herbaceous and woody species 
have also been successfully grown 
aeroponically at Cabot Foundation 
Laboratories. 

S.Seeki 

Deptf. of Biofogica/ Scfencfs 
Madurai University 
Madurai G250^1 


occurring plant hormone "Auxin' 
by the Dutch scientist W.F. Wcni 
in 1926. extensive researches have 
revealed the existence of such di* 
verse growth hormones as gibberel* 
lins, cytokinitks, absctssic acid 
and ethylene in planu. In additior 


Morphactins : a novel group of 
synthetic plant growth regulators 
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to then naturally occurring hot* 
mooes, a number of synthetic growth 
regulators are known to affect plant 
growth appreciably in a variety of 
ways. Among the synthetic growth 
regulators, morphactins. developed 
in the famous research laboratory 
of E. Merck. Darmsladl, Germany, 
raised considerable scientific and 
practical interest since its discovery 
in the early part of the last decade. 

Morphactins are highly active in 
plant morphogenesis. While at low 
concentrations they induce such 
diverse modifications of growth as 
stimulation of axillary branching, 
modification of sex, development of 
parthenocarpic fruits etc. High 
concentrations mostly result in dwarf¬ 
ism. It Is interesting to note that 
most i^ant species can tolerate a high 
amount of morphactins without any 
noticeable phytotoxic or herbkidal 
effect. This Is because morphactins 
are rapidly metabolised in plants. 
An application of low to medium 
concentration of morphactins makes 
plant recover fast and return to nor¬ 
mal growth. It is also possible to 
achieve some sort of storage supply 
by treating the plant with high con¬ 
centrations of these non toxic growth 
regulators and thereby prolonging 
their effects. 

So far it has been found that mor- 
phaclins are nontoxic to several spe¬ 
cies of animals also. Moreover, 
they do not persist long after ap¬ 
plication into soil or water due to 
rapid attack from microbes, thus 


having no residual problem. This is 
in contrast to the majority of known 
synthetic growth regulators such as 
TIBA (triiodobenxoic acid), B-995 
(N-dimeihyl aminosuccinamic acid), 
Amo-1618 [Ammomum (S-hydroxy- 
earvacryl) trimethyl chloride piperi¬ 
dine car boxy late], MH (maleic hy- 
drazidc), CCC {(2-chloroeihyl) tri¬ 
methyl ammonium chloride], etc. 
Besides breakdown by microbes, 
morphactins are also destroyed by 
UV light and high temperature. 

Chemical slructare 

The basic structure of a morphactin 
is a fluorene skeleton bearing ra 
carboxylic acid group in the 9-posi- 
tion (Fig. 1). A hydroxy group in 
position 9 causes marked increase 
in its effectiveness. The resulting 9- 
hydroxyfluorene 9<arboxylic acid 
is known as flurenol (common name 
ISO or flurecol (BSI)]. A further 
increase in its activity is achieved 
by halogen substitution at the 2- 
position of. the fluorene skeleton, 
especially with chlorine (Fjg.2), the 
resulting substance being known as 
chlorfiurenol (ISO) or chlorflurecol 
(BSI). In addition to the free acids, 
their esters and salts are also effective. 
The methyl ester of chlorflureool 
(code name : EMD IT 3456) is the 
most active morphactin derivative 
tested so far and therefore is most 
commonly u«ed. 

Biological activity 

Absorption^ tronsporlotion and 
Qccumutation. Although morphac- 
tins may be absorbed by germinating 
seeds and the roots, the leaves are 
the most efficient organ for absorp¬ 
tion. Within the plant, morphactins 

are transported and distributed ia a 
non-poUr manner in contrast to 
auxins but similar to gibberellins. 
In young vegctativcly growing plants, 
the transport is predominantly acrev 
petal, i.e., from morphologicsJ hasf 
to the morphologic^ apex, but in 


mature plants basipettd move 
meot also occurs. Morphactins ar 
mostly accumulated in growinj 
buds and in meristems which seen 
to be the primary sites of morphactii 
action. Henoe. it is only the nev 
growth which i s afTec ted while matu r 
organs remain more or less un 
a/fecled. 

Oermination and sproutinz^ Mor 
phaclins inhibit or rather delay ger 
fflinatioo of seeds, most likely b; 
interfering with the activity o 
various mobilizing enzymes. Likewise 
sprouting of potato, beet and onioi 
can be substantially delayed b^ 
spraying plants several weeks befon 
harvest. 

Stem elongation and leaf growth 
Morphactins when applied in sufTi 
ciently high doses result in sluntec 
growth of shoots, mainly due t< 
inhibition of the extension growth o: 
newly growing intemodes. Reductior 
in the number of newly formei 
intemodes has also been recorded. 

Leaves which appear aRcr appli 
cation of morphKtins are usually 
^matter in size, thicker in textun 
and darker in colour. Often extremi 
leaf deformation occurs. Compounc 
leaves are someUmes changed t< 
simpler form. The ability of inor' 
phaclins to retard breakdown oi 
chlorophyll and to prolong longevit] 
of leaves may be interpreted as i 
delay in scncsoenoc, which was sc 
long known as a typical cytokinic 
effect. Marked decrease in tram 
piration and need for water suppi) 
following morphaetto treatment indi< 
cates its possible role in the improve 
meat of drought resistance. 



Fig. 1 2-cMoffr-a4ydfoxyfl>oreiw a 
cvboxyUc kM 
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Apical dominance and bfanching. 
Applicaiion of morphactins consi¬ 
derably weakens or complelely 
removes the 'apical dominance of 
shoots. This results in increased 
bratkching producing a dwarf, com¬ 
pact and bushy plant. Such effects, 
however, vary considerably depen¬ 
ding on the species and the concen¬ 
tration of the chemical. In gramina¬ 
ceous species (such as rice, wheat) 
profound increase .in tillering has 
been recorded with morphactins if 
applied at pre-tillering stage. 

Koat growth and root bfonehing. 
Contnty to the shoots, the extension 
growth o( primary or tap roots ts 
^ten stimulated by morphactins 
whereas laterals are strongly su|> 
pressed. This type of selective 
inhibition is typicaJ for morphactins 
and can well it utilized as a method 
for its hioassay. Another intemung 
feature of morphactin effect is in¬ 
crease in the size of root hiin on 
both main and lateral roots. An in¬ 
crease in the density of root hairs and 
in the length of root hair zone 
has also been reported, which ac¬ 
counts for an increase in the absorb¬ 
ing surface of the root system. 

It has been further observed that 
morphactins in very low concen¬ 
tration disturb the normal gravity 
directional growth of roots, causing 
them to grow ageotropically in any 
direction, even out of the soil. 


increases the number of flower buds. 
This effect, which has great practical 
implications, was shown in various 
woody and herbaceous crops like 
different varieties of pome and stone 
fruits, soybean ind other legumes, 
tomato and cucumber. Not only 
the total number of flower buds is 
affected, but also their position on 
the shoot. For example, in peach 
more flower buds appear in the 
basal region of the bearing bfunches. 
This makes possible to maintain 
sufRctent potential fruiting area even 
with heavy pruning which is the 
common practice in peach growing. 

Morphactins have divme effects 
on sex expression of flowers. In 
bisexual flowers (e.g.. tobacco) they 
suppress male sex. In monoecious 
pUnta, that flower sex is favoured 
which is normally suppressed in the 
early ontogenesis. For example, 
female in cucumber and male in 
ridge gourd. In dioecious species 
it induces both the sexes. 

Similar to other growlK substances 
like auxins and gibberellins, mor- 
phactins tend to induce ptrtbeno- 
carpic (seedless) fruit devdopment 
Application of morphactins in low 
concentrations during flowering leads 
to the development of seedless fruits 
io cucumber, tomato, cherry and 


pear. Fruit di^p usually occurs if 
morphactins are sprayed soon after 
flowering. This effect may be pro- 
flfnbly utilized for thinning of fruits 
in apple, peach, grape«, etc. More- 
ovei, loosening of mature fruits has 
also been reported when morphac¬ 
tins are applied some time prior to 
harvest. This may be helpful in the 
mechanical harvesting of fruits. 

Inerease In yIeM 

Morphactins are said to sncreaie 
plant products of economic impor¬ 
tance such IS sugars, latex, oils, 
alkaloids and steroids. In /fevM, 
latex flow is stimulated to give an 
yield increase of about 20%-25% 
following application ol morphao- 
tins. Morphactins are, ther^ore, 
a novel group of synthetic growth 
regulators profoundly affecting vari¬ 
ous physiological and morphogenetic 
processes. Subject to further experi¬ 
mental veriflcationi, the practical 
applications of morphactins in 
agriculture seem to be many and 
diverse. 

M.K. Sadhu 
Collegt of AgricuUurt 
Calcutta University 
Calcutta 


Flowering and fruiting 


Mori^uctios may increase or dec¬ 
rease the number of flowers dq>eAding 
upon the concentration and time of 
application. High concentration of 
morphactins ^plied towards the 
end of flower bud differentiation 


causes partial or coreplece preven¬ 
tion of flowering and the plant re¬ 
mains vegetative. On the other 
hand, low conceotritioa appplied 
iboftly prior to or at the beginning 


of aormal flower bud differentiation 
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Ageing in poikilotherms 


I K contrast to homeothenns, birds 
and mammals, which can main¬ 
tain a constant body temperature 
indepeodcuit of environment, aU 
Other animals are termed poikilo- 
thcrms(from Greek, poikilcs, mean¬ 
ing vari^ated). This means that they 
lack the effective iatenuJ mechanism 
tor mainuifung a constant tempem- 
tuie and that they depend on the 

Hi 


environment. By adjusting only t< 
the amount of heat available the^ 
can, to some extent control theL 
own temperalute. 

It may seem somewhat surprUinj 
that some of these "cold and doubtfu 
beings' are among the longest livei 
in the animal kin^om. While mao 
Che longest lived among the homec 
therms, hat a life span of approxi 
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mately 120 years, some of the fishes 
like carps and pikes are believed 
to be capable of living ap to 170, 
200, 300 or even 400 years (Comfort, 
1964), The tortoises are likewise 
famous. Tt%tudo sumeiri, the Morv 
son's tortoise, has a recorded longe* 
viiy of 152 years, and Testudo e/e- 
phantopus of the Galapagos islands 
100 years or more. Among the 
invertebrates, although few accurate 
data are available, the giant clam, 
Triadaifta gigos^ the largest of which 
may weigh almost 600 lbs is esti* 
mated to live Upto 100 years. 

The longevity of the poikiloiherms 
may be due to their pattern of growth. 
There is an interesting difference in 
the pattern of growth between poi* 
kilotherms and homeotherms. The 
growth in poikilotherms is indeter* 
mioate while that of the homeotherms 
is determinate. Foikilolherms con* 
tinue to grow even after sesual 
maturity as long as sufficient food 
is available. They arc able to fight 
olT the extrinsic causes such as 
parasitic infections, diseases, preda¬ 
tors etc., and in none of them the 
reproductive capacity declines with 
age and %iit(Persp. Bid. and Med., 
Vd. 17, No. 4, 1974). Their vital 
organs such as the brain, heart 
muscles and kidneys probably con* 
tinue to produce new cells through* 
out life so u to keep pace with 
the over all body growth. Also, 
their secondary centres of ossifica* 
tion in long bones, epiphyses, 
probably never unite with the shaft 
thus making continuous growth 
of the bones possible. In horeeo- 
therms, birds and mammals, there 
is very Irule body growth after 
sexual maturity as the epiphyses 
get fused with (he main shaft of the 
long hones, diaphyscs, ruling out 
any further increase in length. The 
vital organs such as. brain, heart and 
lungs lose their power of growth 
even much earlier. For example, 
in man, there is no increase in the 
number of neurons after six months 
: of infancy. Further increase in brain 
i 
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growth 1 $ due only to bypertr^ 
phy of the individual neruroas and 
increase in oon-nervous glta cells. 
The same is true of the heart, musdes 
and kidneys. So. the birds and 
mammals cannot grow further than 
what their vital organs will permit. 

Not only the ability to produce new 
cells in the vital organs is limited in 
homeotherms, there also is progres* 
sive loss of these cells after maturity. 
The number of neurons in the mouse 
burin, for example, decreases from 
about S.5 million at birth to about 2 
million in oM age, and the nephron 
population in the kidneys falls to 
one half the number present in young 
and adult stages. Since the cell loss in 


vital organs of bonModtems b irr^ 
parable, one wonders if sneh Iocm* 
are tbe cause of seoesoence. 

In coDctusioa, therefore, tbe 
quesdoo may perhaps be asked: U 
some animals can continue to grow 
throughout life, why do we, the 
homeotherms. stop growing at a pre¬ 
determined stage, and start ageing 
Unfortunately very little work has 
been done on the poikilotbenns to 
explore the precise nature o( the 
mechanisms involved. 


SuaesH Chandra Padhi 
Zoology Depa 
Berhampur VniversU} 
Bcfhampur (Orisse] 


Vitamin C 


^HERE is hardly any field related 
^ to health and disesasewhichdoes 
not refer to the beneficial effects of 
vitamin C (aoti*scorbutic viiamio, 
ascorbic acid). 

Aging 

Man has to depend on exogenous 
supply of vitamin C which is 
required for the forTnation and inte¬ 
grity of a major structural protein, 
collagen, present in skin. bone, 
cartilage and tendon. Intake of 
vitamin C in sufficient amounts 
b essential for tbe general stimula¬ 
tion of various vitamin C*depcndcnl 
enzymes. In old age, the deficiency 
of vitamin C is frequently observed, 
which is probably due to altered 
metabolic processes in old age. 
If, however, adequate amounts of 
vitamin C arc taken from the begin¬ 
ning, the onset of lesions of the 
connective tissue assoctated with the 
deficiency of this vitamin can be 
delayed and the aging process 
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slowed considerably. One can lool 
young inspite of age. 

AIbcraelerosb 

A deficiency of vitamin C is asso 
elated with abnormal cholestero 
metabolism both in animals aik 
man. Chronic vitamin C deficiea 
diet increases cholesterol and lipid 
in Mood (Lancet, July 21, 1973) 
Supplementary vitamin C given U 
normal individuals tends to de 
crease serum cholesterol levels. Rus 
sian cardiologist, A.L. Maisnikov 
of the Institute of Experiments 
Therapeutk», Moscow said in 196 
that long term supplementation o 
vitamin C is therapeuticaJly success 
ful for the prevention of ischacou 
heart disease in man. ft also prevent 
the formation of atherosclerosi 
produced experimentally in ani 
mats (Sokoloff, B., Hori, M., Saclhol 
C.C., Me Connell, B. and Imai, T 
J. Nutrition, 91. 107, 1067). It i 
suggested that as vitamin C is cssec 
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utl for the production of inlercellular 
rabsUnce and collagen formation, 
the local ground lesions which 
Jevelop in vitamin C deficiency fonn 
tites for deposits of complex carbo* 
hydrates, lipids (chiefly cholesterol), 
blood, blood products and calcium 
salts (thrombotic deposits) in the 
vails of the arteries leading to 
itherosclerosis.* 

► • 

Coriwary thrembasis 

Some individuals can be consi¬ 
dered to be prone to heart atuck as 
I result of clot (thrombus) formation 
ill ihe coronary artery which supplies 
f)ure blood to the heart tissue, 
rhese individuals can be identifled 
by the study of levels of their serum 
lipids (cholesterol and triglycerides). 
If Ihe serum lipids increase, the indi- 
iriduai is prone to coronary throm¬ 
bosis. In such perKons the level 
bf vitamin C in serum is found to 
be low. Vitamin C inuike may 
help them prevent vascular throm¬ 
bosis. 

Deep vela threabos is 

Vitamin C Is associated with the 
health of the capillaries. As in the 
ase of capillaries, vitamin C ap- 
[>ears to be responsible for the health 
of the arterks and the veins as well. 
In a study conducted in Pinderflclds 
General Hospital. Yorkshire in 1973. 
patients (vulnerable to deep vein 
thrombosis) who received vitamin C 
at the rale of 1 gm/day hod less 
thrombus formation in comparision 
ro those given no vitamin because, in 
the former, alterations in the blood 
ressel wall for deep vein ihrom' 
bosis were minimized by vitamin 
C. This vitamin provides the ground 
iubsiance for Ihe Mood vessel wall. 
In Ihe Regional Burns Unit of the 
lame Hospital, since it was opened 
more than 7 years ago. I gm of 
vitamin C is being given daily to all 
patients as a routine treatment 


(Umfft, 2. 199, 1973), and no case 
of clinkal deep vein thrombosis has 
occurred io the last 5 years. 

Ciacer 

It has been suggested that viiamin 
C might reduce the occurrence of 
certain types of cancer by blocking 
Ihe formulion of niirosammes, the 
chemicals implicated in the aetioJogy 
of certain types of cancer in man 
{Sarncf. 177, 65. J973). Nilri>\a- 
mines can be formed in our stomach 
from sodium nitrite used in meat 
proce^>ing. acid of the stomach and 
by naturally occurring amines m the 
body or in the diet (J. Kamm. New 
Jersey. U.S.A.. 1973). About 20 mg 
per day of vitamin C can be effective 
in preventing mirosaminc production 
in man. 

Diabetes mdlilM 

F. Dice of Stanford University's 
Pharmarology Department. U.S.A. 
showed in 1972-1973 that by taking 
increased doses of vitamin C the 
amount of insulin required for 
controlling diabcles mcllitus could 
be reduced. Dice, himself a patient 
of diabetes, had to take initially 
32 units of insulin. He decreas¬ 
ed Ihe quantity of insulin, 
taking vitamin C instead. He 
was able to reduce his insulin 
needs to 13 units daily by taking in 
addition 11 grams of vitamin C per 
day. It appears that vitamin C 
can partially replace insulin needed 
in controlling diabetes. 

Skis disorders 

Royal Army ^Medical Corps of 
Australia hav reported that a liberal 
dose of vitamin C can keep a man 
free from prickly heat which is the 
forerunner of most skin disorders such 
as ring worm, impetigo and athletes 
foot. Prkkiy heat is associated with 
Itching red cruntiom on the skin. 
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infeeilMs and fever 

Increased losses of vitamin C to* 
company infection and fever. Tlieae 
losses are particularly notable when 
bacterial toxins are present The 
adrenal cortex which contains a 
large quantity of vitamin C is rapidly 
depicted. This suggests that vitamin 
C may play an important role in 
the reaction of body to stress. 

Anmias 

Vitamin C is associated with Ihe 
prcvenlion and therapy of certain 
types of anemias. Scurvy itself is 
often associated with anemia which 
responds to viiamin C. Megalo* 
blast ic anemia of infancy, quite com¬ 
mon in our country, appears to be 
ussnciaicd with vitamin C dcflciency. 
In this type of anemia there is a 
decrease in the usual red blood cor¬ 
puscles called erythrocytes while 
another type of cells called megalo- 
blasts, whit.h are relatively bigger, 
are found in the hone marrow. Jn 
normal individuals it is the megal- 
oblasis that mature into erythrocytes, 
for which vitamin B,s and folk acid 
arc required. This disca.se responds to 
the treatment with vitamin C and 
folic acid. The function of folk acid 
in correction of anemia is improved 
by vitamin C. Vitamin C increases 
both iron utilization and absorption 
and. as such, is of help in curing 
iron-deficiency anemia. 

('omiBon coM 

Linus Pauling of Stanford Univer¬ 
sity. U.S.A.. claimed in 1970 that 
massive doses of vitamin C (2-4 gm/ 
day) prevent or contain common 
cold, but this has been contradkted 
by some scientists including those of 
Common Cold Research Centre at 
Salisbury. Drs. C. W. M. WiUon 
and H.S. Loh of the University 
of Dublin. Ireland, in 1973 
reported 2 gm/day of vitamin C 
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ts efTcctive against common cold. 
Here its action is on leucocytes or 
tissues rather than on the viruses. 

ReilieaKe to temjsmiwt 

Vitamin C has an important role in 
adaptation to temperature changes. 
It helps increase the resistance to 
high temperature. In an experi¬ 
mental study on frost bite in antmals. 
the severity of frost bite was less in 
a group of animals which received 
vitamin C and rutin (a bioAavonoid). 
This suggests a beneficial role of 
vitamin C in overcoming frost bite. 

Brain amine acids aad proteias 

In viumin C deficiency, there is 
a marked elevation of tyrosine and 
a decrease of histidine, arginine 
and amino buisric acid In brain. 
Synthesis of proteias has also been 
shown to be decreased in brain of 
vitamin C*deflcient animals De¬ 
crease of T-^ntino butyric acid is 
fraught with impaired neuronal fun¬ 
ction and it is reported that convul¬ 
sions induced by certain drugs are 
due to a decrease of T-amiao butyric 
acid in the’brain. 

Clganltt saaktag 

In some age groups, heavy ciga¬ 
rette smokers have a higher scrum 
cholesterol and a lower vitamin C 
than non-smokers. H. S. Loh of 
the University of Dublin. Ireland, 
m 1975 associated the increased risk 
of atherosclerosis and associated 
diseases to the low vitamin C con- 
rentralion due to smoking. 

All these effects of vitamin C are 
m addition to its paramount role in 
preventing scurvy. 

The vitamin C content (mg/100 g) 
pf some of the common dietary sub* 
aances used in India is as follows: 

Onion M, potato 17, Amaranth 
ender 99, cabbage 124. coriander 
135, drumstick 220, radish 105. 


Agalhi 169, cauliflower 56, tomato 
ripe 27, amla (Indian goosebery) 
700, guava 212, orange 68. Ume 60, 
papaya 57, chillies (dry) 50, and 
liver-sheep 20 . 

Considering all the above facts 
on vitamin C. it looks reasonable 
that a person with normal meta¬ 
bolism can conventenily go in daily 
for I to 2 gm of vitamin C to look 
young, to ward off diseases and to 
be healthy. If he feels he cannot 


A change in the chromosomes or 
genes of an organism is called 
mutation. The organism with such 
an altered genetic make-up is called 
a mutant. Mutation may result in 
a change of morphology, resistance 
or sensitivity to drugs or chemicals 
or pathogens, loss of ability or in¬ 
creased ability to synihesite any 
enzyme, etc. Mutants of microorga¬ 
nisms which are nulrttionaliy defi¬ 
cient. i.e.. which cannot synthesize 
one or more metabolites (amino 
acids, vitamins, nucleotides, etc.) in 
contrast to the normal type organism 
(called the wild type) are termed 
auxotrophic mutants or simply 
auxotrophs. That is. while the wild 
type organism can grow in a medium 
containing (i) a carbon source, e.g., 
sugars, starch etc., (ii) an inorganic 
nitrogen source, e.g.. ammonium chlo¬ 
ride. ammonium sulphate, potassium 
nitrate, etc., and (iii^ some inorganic 
salts like those of magnesium, cal¬ 
cium. manganese, iron, co^r etc., 
an auxotroph derived from the same 
wild type organism cannot grow in 
that medium unless supplied with 
one or more specific growth factors. 
An auxirophic mutant requiring the 


afford vitamin C tablets, he can ttk 
plenty of coriander, drumstick an 
agathi leaves and guava and ami 
fruits. They contain plenty of thi 
vitamin* 

S. Ramakkishnai 
Professor and Heoc 
Department of BiO'Ckemisir} 
Jowaharhi Institute oj Post Croduat 
Medieai Education an, 
Beseofch, PondU'herr^ 


amino acid valine may be called valin' 
auxotroph (or simply, amino acit 
auxotroph). the auxotroph requirinj 
the vitamin nicotinic acid ai 
nicotinic add auxotroph (or vita' 
min auxotroph) and so on. Thi 
growth medium of the wild typi 
organism is termed minimal mediun 
while that of the auxotroph contain 
ing the required growth factorj 
factors (in addition to the consti* 
tuents of the minimaJ medium) ii 
called complete medium. Auxo< 
trophic mutants can be visual!) 
identified by their growth only in th< 
complete medium and failure to grow 
in the minimal medium. 

The cause of nutritiona] defidenc) 
or auxotrophy is the formation ol 
a block, due to mutation, in the 
biosynthetic pathway of the meta¬ 
bolite. The Uock is due to the 
failure of the organism to synthesize 
an enzyme operative at a paniculaf 
step in the biosynthetic pathway, 
bringing an interruption in the 
synibteic sequence and consequently 
failure of the particular metabolise 
formation. So the auxotrophic 
mutants of an organism, requiring 
the same metabdiu for growth 


Auxotrophic mutants and 
their uses 
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may be biochemicaKy different, due 
to having being Mocked at different 
steps of the pathway. Like other 
mutants, auxotrophs may arise 
spontaneously in nature. But they 
can aiso be induced artificially by 
the use of some physical or 
chemical agents called the muta¬ 
gens. e.g*.. X-ray. ultraviolet light, 
nitrosoguanidine. nitrous add. etc. 
The rate of induced mutation 
is much higher than that of 
spontaneous mutation. In isolation 
of auxotrophic mutants, penicillin 
enrichment method is generally em¬ 
ployed. .This method makes use of 
the selective action of penicillin 
which kills only the growing cells 
and practically has no effect on 
non-growing ones. Microbial cells 
afler treatment with mutagen are 
allowed to grow in a minimal me¬ 
dium containing a lethal dose of 
penicillin. As the wild type cells 
begin to grow, they arc killed by the 
antibiotic but the cells in which 
auxotrophy has been induced can 
escape penicillin action due to their 
failure to grow in a minimal medium. 
Auxotrophic mutants can back- 
mutate, i.e.. can revert again to the 
normal type which are then called 
the protoirophs. This back muta¬ 
tion may occur spontaneously and 
can also be induced artificially by the 
use of mutagens. Auxotrophs are 
of great importance in micro¬ 
biology. 

As indicator orgaalsm la Moasuy 
tests 

The presence of any particular 
metabolite in a given sample can be 
detected by employing an aiuotroph 
requiring that parbcular metabolite 
for growth. For example, presence 
of riboflavin in a sample can be 
detected by adding the sample in a 
suitable proportion to a mmimal 
medium, and (hen allowing a ribo¬ 
flavin auxolroph to grow in (his 
medium. Growth of the auxotroph 
confirms that the test sample cun- 


tains riboflavin, in fermentation 
microbiology this bioassay test is 
of much importance. Organisms 
producing a desired metabolite, e.g., 
an amino add or vitamin, can be 
detected by emr^ying this test u^ng 
the corresponding auxotroph. 

Im Ae didy of bacterial geadici 

Auxotrophs are also used to study 
the recombination process among 
bacteria, le.. transfer of genetic 
rrmtehal from one bacterium to 
another forming a recombinani cell. 
The negative character of auxolroph. 
i.e.. (he deficiertcy of a nuiritional 
factor is used to test whether the 
corresponding positive character from 
a related bacterium is transmitted 
to the auxotror^ making it nutri¬ 
tionally independent. For example, 
suppose two auxotrophs A and 
B. the former requiring methionine 
and thiamine and the Utter requiring 
threomne and biotia (but A synihe- 
sizing threonirte and biotin and B 
synthesuing methionine and thiamine 
normaJly). are mixed together. And 
if from the resulting mixture any 
nutririonally independent type which 
has BO requirement for any of the 
four growth factors can be isolated, 
it should be uken as a proof of the 
transfer of genetic material among 
the two auxotrophs. 

Ab ducMatioa of biesyntbetic 
path wap 

By isolating many nnlridonaJ 
mutants requiring the same meU- 
bolUe for growth, it is possible to 
obtain some auxotrophs which are 
blocked at different points in the 
biosynthetic pathway erf* the parti- 
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cular metabolite. In many cases 
auxotrophs accumulate the com¬ 
pound which is the substrate of the 
blocked reaction. By thorough 
examination of the auxotrophs and 
their accumulated compounds it be- 
come.s possible to explain the bio¬ 
synthetic pathway. Let us assume a 
biosynthetic pathway and some 
auxotrophic mutants, blocked at 
different steps as in Fig. 1. A is 
the starting material or sub¬ 
strate. E is the cad product meta¬ 
bolite while B. C, D are the inter¬ 
mediate compounds. 

The auxotroph 3 can grow only 
when supplied with the product 
E. auxotroph 2 can grow 
when supplied with either D 
or E and auxolroph I can 
grow if supplied with either 
C or D or E. These three auxo¬ 
trophs I, 2 and 3 can accumulate 
the compounds B. C and D res¬ 
pectively. By identifying the accumu¬ 
lated compounds and determining 
the growth response of the auxo¬ 
trophs to different intermediates^ 
(he sequence of (he pathway becomes 
clear. It should be noted that to 
auxotroph blocked at a step is de¬ 
ficient in the enryme of (hat parti¬ 
cular step only while other 
enzymes of the pathway are 
synthesized normally. 

As producer orgaaistts of ferBOa- 
tstive products 

As mentioned above, many auxo¬ 
trophs accumulate the immediate 
precursor of the blocked reaction. 
This phenomenon can be industrially 
exploited for large scale production 
of some metabolites. Again, is a 
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Dranched biosyniheitc pathway (that 
is, a pathway in which alter iirst 
few steps of starting from a sub¬ 
strate an intermediate compound is 
diverted through different routes 
resulting in different end products) 
if any branch is blocked by induction 
of aujcoirophy, the synthesis of end 
product of the other branch may be 
increased, provided the nutritional 
factor required by the auxoiroph is 
supplied to the organism to muinlain 
normal growth. An example may be 
found in fermentative production 
of amino acids where high yields of 
lysine is obtained by using homo- 
serine auxoiroph or methionine'»* 
threonine auxoiroph. Similarly, 
threonine can be prt)duccd by 


M any species of ants conduct 
physical combats with the 
members of a different colony, 
even if the latter belong to the 
sivnte species. In a recent report, 
Bert hlolldoblcr of the Department 
of Biology. Harvard University, 
Cambridge (Stivniv^ Vol. 192, 28 
May 1976. pp 9t2-9l4) has dcs* 
cribed the fascinating behaviour 
of honey pot ant, Myrmeoh 
ev-Uus nmih’uXt in some parts of 
Arizona where foraging grounds 
of neiglibiiuring colonies overlap. 
There, iruissive territorial confron* 
lutions arc of common occurrcrtce 
along the challenged territorial bor> 
ders of nearby colonics of ants. 

During combat, ants of two colonies 
follow a gentle, ritualized tourna¬ 
ment which sometimes leads to death 
of a few ants and injury to some 
members. 

How does this tournament begin? 
When u wandering fora^’er from one 


auxotrophs requiring either lysine, or 
methionine or both. Moreover, in 
fermentation microbiology other 
types of auxotrophs which have no 
direct relationship with the biosyn¬ 
thetic pathway of the fermenution 
product arc ^$o being employed, 
fbr example, in the production of 
glutamic add by glycerol auxotroph 
of Coryfh'bacffrium a/kanoiyticum. 
Such auxotri^hs arc said to increase 
the accumulation of the fermenla- 
tion product by cnhaiaiing the cellular 
permeability. 

SUKUMAK CHknmtM 
fTr/Mir/miwf of Botany 
Buedwan Vnivtrsity 
P.O. Bufdwon (H'. Bengal) 


colony encounters some foreign ant(s) 
of a different colony but of the 
same species, they start with a dis* 
pby hehavriHir in which both rise 
on their siilt tegs. Alter a while, 
both recede arni return to their 
colonies, dragging their abdomen 
(body end) over ihe ground. In 
doing so. these scout ants lay a trail 
of certain secretion (scent) on the 
ground. Reaching their nests, scouts 
perform a rapid jerking movemeot 
which alerts the other ants iu their 
respective colonics. And thus a 
group of 100 to 200 ants sets out for 
defence of its threoiened territory 
following the same route through 
which the scout ant had reached 
its colony. reaching the 

disputed territory, the ants, sum- 
moned from the colonics of both 
the scouts which had originally met 
there, start an interesting tourna¬ 
ment which may last for several 
days, interrupted only at nights when 

tee 


the ants are normaTIy inactive 
During the combat, the ants ol 
alien colonies walk on stilt legi 
(Fig. I, above). And when workers 
Ol two colonies meet, they confrom 
each other 'head on* (Fig. 1, 
center). Later, the ants may move 
sideways arid drum intensively lh< 
abdomen (posterior end) of each 
other with their threadlike antennat 
(Fig. 1, below) situated on theit 
head. After K) 10-30 seconds, 
one of the ants usually moves 
away to restart display behaviobi 
with other workers of the alien 
colony. 

During the tournament, some 
workers go back to their coloniet 
to recruit fresh workers by repeated 
jerking movements. At last, th< 
smaller colony, unable to bring rresh 
recruits to the tournument area, ii 
raided by the larger colony. Tht 
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Ants that play fight! 
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queen of the former ie killed, the 
eggs end embryos are lifted to the 
winner colony where they hatch out 
to work as *$lavea.' M. mimieus, 
however, does not show this beha¬ 
viour In the presence of ants of other 


Y es, your breathing changes with 
your body posture. It varies 
when you sit, stand or sleep and 
even as you turn in your bed! 
Have you not at any time noticed 
that the lower of the tvro openings 
of your nose gets blocked when you 
relax in your bed on one side of 
your body? If you have not. try it 
tonight, or if you are so impatient, 
try It right now. Lie straight down 
on a bed or a couch on your right 
or left side and let the right or left 
side of your head, shoulder and arm 
bear the weight of the body. Wait 
for about five minutes, then sit up 
erect and closing one side of the 
nose with a finger try to blow gently 
through the other. You will imme¬ 
diately notice that the side of the 
nose to which you were lying is 
partially or completely dosed and 
that little air passes through it. 

What is the cause of one sided 
nasal blocking in the lateral recum¬ 
bent postures? What is its mecha¬ 
nism and purpose in the body? These 
questions are interesting because 
they are related to regulation of 
respiration—the important moat 
function of the body. A clear under¬ 
standing of this bodily phenomenon 
may help solve the problem of 
bloeked noses during an attack of 
common cold. It may also throw 
light on why only one side of nose 
at a time is used in certain yoga- 
ty pe«breathi ng exc rcises. 


species in theii region, in the 
manner the human species fights 
with members of its own 
species. 


Experiments were conducted on 
10 young volunteers to determine 
precisely the extent of blocking 
produced in the nasal passages with 
change of body position. The volun¬ 
teers were asked to breathe in 
through (he mouth and exhale out 
through the nose. The air so expired 
was collected through two tubes 
separately from the right and the 
left nostrils into two separate water 
filled recording spirometers (instru¬ 
ments for measuring the volume of 


see that there was no leak and that 
the tubes did not obstruct the 
flow of air. The amount of air so 
c^lected was corrected to standard 
temperature anil pressure. 

Blocking of (he nasal passage is 
caused by swelling of its inner lining 
due to accumulation of blood. The 
nasal airflow, therefore, is proper- 
tionatdy altered and can be used 
indirectly to measure the extent of 
nasal engorgement and blocking. 
The arrangement of apparatus 
around a volunteer in the sitting 
position, is shown in Fig. 1. The 
results of experiments on five com¬ 
monly adopted body postures are 
given in Table 1, and are graphically 
deplete in Fig. 2. 

The results show that the total 
amount of air breathed goes on 
decreasing is the body position 
changes from the standing through 
silting to the horizontal lying pos¬ 
ture. This is so because the res¬ 
pective postures are comparatively 
less exerting and therefore demand 
progressively less amount of oxygen 
for maintaining the body metabo¬ 
lism. It is also observed that, though 


respiratory airs). Care was taken to 
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Breathing is related to posture 
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Body posture 

Tola] air breathed 

Ri^t nostril 

U4l nottril 

Ratio of right: 

Nfi 

P. value 

SUAdjnp erect 

13.g 

42^16 

16 + 5.6 

46 : 54 

>0.10 

Sidlnf in chair 

116 

6.4 + 1.5 

6.2+13 

51 :49 

>0.40 

Lying supine 

9.4 

5.2 +10 

4.2 + t.6 

SS : 45 

>0.10 

Lying on right srde 

9.2 

16 + 10 

6.6 + 3.4 

22 : 

• <0.005 

Lying on left ante 

9.1 

6.0 + 26 

5.1 + 21 

66 : 34 

< 0.0125 ^ 


Etch velue le a mean «ff len obeervaiioiM, r«»eli lubject. ^ lUndard devkAi^. P Sifniftcance level for (he meona of aif 
blown ihrr»v|h the ri|hi and Jef( nosiriJ umai siodniis 1 leM' 


the total volume of air breathed 
varies, there is no change in its 
nasal partitioning. Jn the right and 
left lying positions, however, the 
relative volume of air streams blown 
through the right and the left sides 
of nose differ singnificantly. While 
lying on the right side in the hori¬ 
zontal position. 2.6 ± 3.4 litres 
is blown through the left in a 
minute. The reverse was the 
case while lying on the left side, 
3.1 dr 2.1 litres and 6.0 ± 2.6 litres 
of airHow was recorded respectively 
through the left and the right nov 
Irils. 

The closing of the dependent 
side of the nose was always accom¬ 
panied by a certain amount of 
opening of the upper nasal air pas¬ 
sage. In the present expenmenis the 
amount of air exhaled through the 
upper nostril was 77.8 per cent and 
66.0 per cent of the total air brea¬ 
thed. respeaively. in the right and 
the left horizontal side postures. 
These observations point to swelling 
and thickening of the inner layer of 
the dependent na&al air passage and 
shrinking and contraction in the 
upper. 

In nature, there Is always a pur¬ 
pose for a phenomenon. What is 
the purpose then in causing a block 
and arresting respiration through 

MIRNCF. RFjnWTFJI 


the down side of nose, while lying in 
the horizontal posture? It seems to 
be a protective function for the 


body. For example, in situation: 
where the body lies on the door 01 
a side, as while sleeping or whec 
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felted uftconscious d\K to tome 
cause, the shutting off the nostril 
in contact with the floor and 
opening of the other a little above 
the floor level, prevents direct 
sucking of dust and foreign parti¬ 
culate matter from the ground sur¬ 
face. It thus protects the respiratory 
tract from choking and infection 
and helps in maintaining the vital 
function. The advantages of this 


Fishing with 

T he varied uses of electricity in 
every day life are well-known to 
us. As many of us may be aware, 
electricity is produced when a coil of 
wire is rotated between the opposite 
poles of a powerful horse-shoe mag¬ 
net. This was demonstrated by the 
British Scientist, Michael Faraday, 
in 1831 to the then Chancellor of 
Exchequer, Mr. Gladstone. The 
Utter then asked, "’Of what earthly 
use it it to humanityT* The former 
lost no time in retorting, **5ir, you can 
tax it*'. Today electridty earns 
enormous amounts of taxes for the 
governments, besides serving huma¬ 
nity in innomerable ways. One of 
the latest applications of electrkily 
is in fishing. 

The principle involved in this type 
of fishing is to stun the lishes with 
an electric ihock of the required 
intensity. The stunned Ashes float 
motionless on the surface of water 
and then they can easily be col¬ 
lected by means of hand scoop nets. 
There are some fishes like dectric 
ray and torpedo whidi produce 
strong electric impulses for driving 
away their enemies. Perhaps man 
borrowed the idea of fitbing with 
dectncity from these animals. 

The first imerestiog discovery in 
this connection was made by some 
German scientists who observed that 


effect to the body are stiO better 
i^preciatcd when living conditions 
of the primitive man in dusty dens 
are visualised. Protective reactions 
in mucous membranes (inner linings) 
in other parts of the body ^re also 
known to occur ia man during 
periods of stress and emotional 
conflict. 

SKANKAt RaO 

Anil KuuAt Potdak 


electricity 

when a direct electric current is 
passed through water con lain ing 
microscopic aquatic organisms cal¬ 
led *plaiiktons." they are collected 
around the anode. This sort of 
attraction occurs in the case of 
fishes also (Fig. 1). The current 
produces a potential difference bet¬ 
ween head artd tail of the fish. This 
is called *bod> voltage*. If ihe 
voltage is slightly increased, the 
fish starts swimming towards the 
positive electrode. This phenome¬ 
non is called ‘electroiaxis* or 'galva- 
notaxis'. In case the current happens 
to be strong enough, another reac¬ 
tion called 'ekcironarcosis’ or 'gal- 
vano-ntrcosis* lakes place by which 
the fish gets stupefied, stunned 
or oarcottsed and floats on Its side, 
incapable of any voluntary move¬ 
ment. If the current is now dis¬ 
connected, the fish slowly regains 
consciousness and mobility and 
swims away. The time interval bet¬ 
ween withdrawal of the current and 
regaining of mobility by the Ash is 
called 'recovery time*, wrucfa is 
directly proportihnaJ to the intensity 
of shock. That is to say, the greater 
tte shock the longer is the recovery 
time. 

In pracucal appiseatioo, many 
factors like vottage employed, size 
of fish and conductivity of water 

T# 
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contribute to the intensity of shock 
The larger the fish the smaller is thi 
current required. A diesel or petro 
generator of the required capacity 
installed on the fishing boat servei 
the purpose. Conductivity of sei 
water is 500 times (hat of fresh watei 
because of the presence of salt 
Hence, a voltage 500 times of thai 
required in fresh water is necessar) 
to produce similar results in sea 
water. Operations of such high volt 
ages on-board fishing vessels may 
at times, prove dangerous to (h< 
operators unless they are well trained 
and observe strict precautionat) 
measures. 

Impulse currents are more suit¬ 
able in sea water. The idea here is to 
send strong electric impulses or in¬ 
termittent currents between two 
electrodes implanted at two con¬ 
venient points in the sea water. A 
battery of accumulators or a d.c. 
generator is used as the source of 
current. A series of condensers, 
connected parallel to each other, are 
charged with this current. The con¬ 
densers are then allowed to dis¬ 
charge in series. Impulse current has 
got a much greater neuro-physio¬ 
logical activity than direct or alter¬ 
nating current. 

Electrical fishing can claim sefveral 
advantages over conventional meth¬ 
ods. Selective fishing is possible 
in both fresh and sea water as the 
threshold voltages required for nar¬ 
cotising fishes are specific to species 
and size. Areas Eke narrow crevices 
and those with rocky and uneven 
bottoms cn. bC SttCcqHfutUy fished 
with this gear. Cdoventioiitl gears 
cannot operate satisfioonly in such 
places. It is waU-kBown that fish 
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which undergo phy$ic«] exhAunion 
in Cftptiviiy ^forc death yield poor 
quality flesh. Such a flesh also dete¬ 
riorates easily and quickly. In this 
respect, animals which are slaugh¬ 
tered by a stunning blow on the head 
yield flesh of the best quality This 
principle also bolds good in the case 
of Ash stunned with electricity. 
Prawns bury themselves in the mud 
at (he sea bottom, because of which 
trawling nets fail to catch them. If 
an energised electrode is suspended in 
front of the net touching (he muddy 
bottom, it imparts a shock to the 
prawns buried underneath. They 
consequently jump out and get 
netted. 


I T would seem a paradox that 
sand dunes can produce noise. 
But the foci is that dunes in many 


Fig. 2 

Electrical Ashing openv a new and 
promising line of approach before 
the Ashing industry. Even though 
the initial cxpciiments in this direc¬ 
tion were conducted by Germans in 
the early years tif this century, its 
commercial exploitation commenced 
only in the past two dccudcs. Deve¬ 
loped countries like Germany. U.S.A, 
Canada. U.S.S.R.. etc,, have already 
started large scale application of the 
method, but it is still in experi¬ 
mental stages in our country. 

T. K. Govindan 
Central institute of Fisherifs Tt<MnO‘ 
fogy Substation, Kakinada’03iiW‘J. 

(A. P.) 


parts of (he world squeak, roar or 
boom. The phenomenon has been 
described in desert legends for atleast 


1500 years, but has received little 
scicntiAc atteniion. Recently, David 
R. Criswell of the Lunar Science 
Institute in Houston. Texas and some 
other researchers {Scientifie Ann-ri- 
can. May 1976, p. 61] conducted the 
first ever quantitative analysis of an 
acoustic dune, the Siind Mount.aln 
near Fallon. Nev., which has often 
been heard (o boom. The research 
group recorded tlic Mhrations trans¬ 
mitted through the sand by a geo¬ 
phone and the sound through the 
dir by a microphone. After trying 
several methods, it was revealed 
that the sand boomed loudest when 
a trench was rapidly dug in it with 
a Ikii bladcd shovel. Interestingly, 
the sound was like a short low note 
of a cello and lasted for less than 
(wo seconds, laudable at a distance 
of 30 meters. Ii was found that 
booming could also be produced 
by pulling the sand down the hill 
with the hand. In doing so, strong 
vibrations similar to mild electric 
shocks were fell in the linger tips. 
On disturbing the sand, the sound 
detected by the air microphone was 
about a quarter of a second before 
seismic vibrations detected by the 
geophone. Stopping the sand 
disturbance resulted in simuJta* 
ncous loss of both types of vibra- 
lions» viz.> seismic and acoustic. 

Apparently, however, booming 
sand dunes are Indistinguishable from 
ordinary silent dunes. But the 
examination of sands under scan¬ 
ning electron microscope has re¬ 
vealed (hat the iruJividual grains of 
booming sand are more highly po¬ 
lished than the grains of silent sand. 
Except two booming dunes at Hawaii 
which are principally cakite, the 29 
of the total 31 known booming dunes 
are primarily of qiianz sand. The 

expenmenUts comment, however, 
that (he booming process is intriguing 
and far more complicated than what 
is presently explained by a quanti* 
tative theory. 

Zaka Imam 


Booming sand dunes 
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The safe and unsafe periods 


A ttempts to avoid conception 

by the practice of timed pcriO' 
die abstinence have been undertaken 
in many societies. . The most com- 
mon of them involves the avoidance 
of intercourse before, during or 
after menstruation. Variations of 
this practice have been reported 
from ancient Rome to Nandi of 
Fast Africa via the Indian cultures 
of New Mexico. The Bishop of 
Amiens hod asked the Sacred Peni* 
tentiary how he should deal with 
those couples ^amongst his Dock who 
were confining intercourse to the 
tempui agentsros, and not to inter¬ 
fere 'so long as they do nothing to 
impede conception*. Allbuit, in 
7Vi<* Handbook, advised ab¬ 

stention from intercourse from i 
days before to 8 days after men¬ 
struation. This was repeated by 
almost every subsequent writer until 
the 1930s. 

Meastraation and cooception 

Let us consider first the physio¬ 
logy of a woman's monthly cycle 
and conception. After puberty, a 
woman undergoes a regular cyclic 
change in the reproductive organs 
during her fertile period. The uterus 
undergoes various phases tike resting 
phase, pcoliferaliv*e stage, pre-men- 
strual phase and menstrual phase 
which lost for about 5 days (1st to 
5th), 9 days (6th to i4th). J4 days 
(15th to 28th) and on 28ih day res¬ 
pectively. In the menstruation period 
the uterus sheds its lining with blood, 
mucus and certain other substances. 
In the proliferative stage new linings 
are formed. Just after the com pie* 
tion of the proliferative stage, the 
ovary expels only one oviim per 
cycle which becomes available for 


fertilization only for 24 hours. Once 
spermaioroa have entered (he uteru«. 
they can remain viable for 48 to 72 
hours. There is a minimum period of 
4 days in each cycle when coiKepiion 
is possible theoretically. Pregnancy 
can therefore be avoided if inter¬ 
course is omitted during this lime. 

Cakvliting (be ‘safe* aid *umiafc' 
days 

When the cvfk’t ore ffgutar. It has 
been assumed that ovulation in a nor¬ 
mal cyclic woman would occur on 
14ih day before the next menstrua¬ 
tion. For practical purposes, days 12 
to 1 fi (always cou ni i ng bock w irds from 
the expected date of next menstrua¬ 


1 cnglh i4 
shorint peiiod 

Ftfsl uAkafe djy 
after surt uC 
any pertod 

20 <la)a 

Zad day 

21 days 

3rd day 

22 Jays 

4ib day 

23 da>9 

5(h day 

24 di>s 

6(h duy 

25 days 

7ih djy 

2 a days 

H(h day 

27 (U>x 

91 h day 

2S days 

lOih day 

29 days 

nth day 

30 day^ 

12 rh day 

31 days 

l.iih day 

32 days 

(4(h day 

33 days 

I5ih day 

34 days 

16 iH day 

35 days 

|7(h day 

36 days 

I8lh day 

37 days 

I9lh day 

38 days 

20(h day 

39 days 

2M day 

40 days 

22IHJ day 


tion) are regarded as possible ovula¬ 
tory days. To these are added days 
17 and 18. for previously deposited 
spermatozoa, and day II, which re¬ 
presents the limit of ovum survival. 
These 8 days, i.e., from day (I to 18, 
have been recommended as a fertile 
period. Safe and unsafe period in 
a woman, whose cycles are regular 
in the range of 20-40 days, can be 
calculated with the help of Fig. 1. 
For instance a woman whose monthly 
cycle of 29 days, days from 12th 
to I9ih constitute the unsafe period. 

jrArn the eyctes ore not 
reRutuf. In the case of a woman 
whose cycles are not regular, 
the dilTcrcncc in the two infertile 
phase is most important. Fur this, 
it is enough to note only the curliest 
possible and the latesi possible dates 
on which the next period would 
occur. These are obtained by cal- 
cu la ling hack data from at least six 
past menstrual cycle record. 


loAscsl pcrMxJ 

Ijist unsafe day 
after start of 
any period 

20 days 

9th duy 

21 da>v 

lOth day 

22 d.iys 

Ilih day 

23 days 

I 2 lh day 

24 J4>s 

lilh day 

25 days 

24ih day 

26 days 

15ih day 

27 Jnys 

16 (h duy 

2 H days 

I7ih day 

2V dJjs 

I8Th day 

30 days 

19lh day 

31 da» 

ZCHh day 

32 da}« 

21 st day 

.33 da» 

22nd day 

34 day^ 

23rd day 

35 days 

241 h day 

36 days 

25ih day 

37 days 

261 h day 

3/1 days 

27ih day 

39 days 

26ih day 

4U days 

29th Jay 


Table I. Tahk vhowshow (oeakulate vafe and unsafe periods in Che case 
•f a womaa whose cycles are not regular 
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LENGTH Of 

CYCLES 

(DAYS) 

20 

21 

22 

22 

24 

2$ 

24 

27 

21 

2# 

30 

31 

32 

33 

34 

39 

34 

37 

34 

33 

40 


OVULATION C HANT fOU CVCICS Of 30 TO 40 QAYt IN LENGTH 
NUMOrA Of OATS f AOM tfOlNING Of PREVIOUS MENSTRUATION 
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To cftlculste ftsfe period in ihii 
CAse. 18 is subincted from the 
shortest cycle and I) is subtraaed 
from the loniesi cycle. For instance 
In the case of a woman whose cycles 
ranged from 22 to 22 days, the safe 
period would extend upto 4 (22— 
18s*4) and from day 21 (32-lI«^2l) 
onwards (always counting back 
wards from the expected date of (he 
next menstruation). The safe and 
unsafe period in this case can be 
calculate with the help of Table 2. 

Safe period are Mt safe 

General survey reveab that for 
about 75 per cent of woman safe 
periods are safe, but for the other 
25 per cent they are not. We are far 
from sure why (he second group does 
not have safe period. There are a 
number of reasons worth consider* 
ing. The excitement of sexual inter* 
course may cause the liberation of 
ovum at any time in the 28 days. 
This has been pro>*cd in certain 
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expenraental animah and (here U 
no reason to believe that it cannot 
happen in the humans. Furthermore, 
sometimes in a perfectly regular 
and normal woman, during the safe 
period, much of the semen dis* 
charged in the vagina is absorbed by 
iU mucous lining, but a part of 
semen containing live sperms ts left 
there. These live sperms may slowly 
enter the fallopain tube and remain 


W E are eoncenttpting on growing 
more wheat and nca, but not 
much thought is being given to oat 
cereal. Oat ranks fourth in iroport- 
taiM. in world production of 
cereab, neat to wheat, rice and 
maize. The leading oats produdng 
countries are the U.S.A., the U.S. 

m 


dormant until an ovum ii liberatei 
many days later. The ovum woul< 
then be fertilized by an alread 
existing active sperm. Therefore 
safe periods are not always safe. 1 
a woman follows "safe and unsaf 
chart' strktly. the chances of con 
ception are reduced to a minimuni 
Anand O. Paakasi 
Sehoof c/ Studies in Zoofog^ 
Jiwaji University^ GwaHor-iTiOO 


S.R.. Canada, Germany. France 
U. K. and Australia. 

Oat, an agricuhural crop, is growi 
for its grain and straw in th' 
rabi season which extends fros 
October to December. It can grot 
on a well drained, rich loamy so 
but available nitrogen in the so 
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Oat flakes—a nutritive food 
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and (he season have a marked 
influence on the yield and protein 
content of the crop. In India, oat has 
so far been grown mainly as a green 
fodder and to a lesser extent as a 
grain crop. 

Oat contains considerable 
pfotem varying from Oat 

protein consists of gUitenin, albumin, 
aveninc. etc. All oat proteins are 
rich in amino acids and so play 
an imporlanl role in body 'growth. 
They arc character!S'xl by (heir re^ 
latively lower carbohydrate and 
higher fat content us compared to 
other cereal grains. 

Oat has a great potentiality as a 
feed and is included in the rations 
of farm animals. Oats are widely used 
in poultry industry as they altri* 
bule significant characters to growing 
chickens and laying hens. They are 
an important cereal for turkeys, 
swine, sheep, dairy cattle, etc. 

Oats are superior to other cereals 
and are considered excellent gram 
for horses, Oats contain sufTtcient 
proteins and so meet the requirement 
of mature horses, pregnant mares, 
etc. Their value as a feed especially 
for race horses is due to the fact that 
they are not only bulky but nutritive 
also. 

The future of oats as a feedstufT 
depends on how its special values 
compare with those of other grains. 
The feasibility of substituting one 
graia for another is a constant re¬ 
curring riddle in feed industry and 
oats, as such, can steal the show. 

Oats as hunan food 

Oats are also processed into foods 
for human consumption. An impor¬ 
tant industry based on the production 
of breakfast foods from oats (s still 
in the iniciaJ stages. Keeping in view 
the importance of oats, one factory 
in India is manufacturing rolled oats 
to cater to the needs of the country. 

Since only the oat kernel is used 
for food processing, (he adherent husk 
of the grain which is tough, fibrous 
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and inediUe needs to be removed. 
Oat kerne) has h^tr fat content 
than any other cmd. Lipase, 
an enzyme responsible for rancadily 
development, is located almost en¬ 
tirely on the outer layers of the kernel 
Its activity sets into a broken or 
ground kernel depending upon the 
moisture coniem. temperaiure. etc. 

Rolled oats 

The commercial oats are cleaned 
and undesirable fractions like dust, 
dirt, sticks, stones, weed seeds, etc., 
removed. Clean oais are then sub* 
jected to a process of inactivating 
the lipase in order to prolong the 
shelf-tife of products. Inactivation is 
accomplishd either by steam or acid 
treatment. Treating with steam is 
called *'sUbilization process**. Here 
the oats with a higher moisture con* 
tent are raised quickly to a higher 
lempeniture by injecting steam for a 
short time. The **wei brushing pro¬ 
cess’* involves the treatment of oats 
with dilute acids and vigorous 
scrubbing of kernels with brushes. 
Preference is mostly given to (he 
stabilization, which not only inacti¬ 
vates the lipase but also ha.s a bene¬ 
ficial effect on the development of 
characteristic flavour and resistance 
against nneidity. 

Alter stabilization process, the oats 
are dried in a kiln where the moisture 
content is brought down to 
Kiln drying improves the keeping 
quality of milled products. It is res- 
pooiible for the developineot of 
diarMteristjc flavour and improving 
the organoleptic properties. It faci¬ 
litates subsequent shelling of the 
grains by iocreasing brittleness of 
the husk. 

After kiln drying, the oats are 
subjected to dry-shelliog process. In 
the conventional method, the kiln 
dried oais are passed through a pair 
of large, ciicubr stones where the 
lower one is stationary and the upper 
revolves rapidly. The aim of this 
operation is to obtain maximum 
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yield of clear, sound, uniform whole 
oat kernel (groats). For this purpose 
adjustment between the rollers is so 
made as to have minimum breakage 
of the kernel. A relatively recent deve¬ 
lopment in hulling is the use of 
^Impact huller*. 

The mixture of kernels, husk- 
slivers. groalchips and meals, unshel¬ 
led oats and fines (flour) is a.spirated 
by air current and passed over various 
separators and screens where each 
fraction is separated out. The shelled 
groats ore scoured lo detach the 
fine hair (hut cover much of their 
surface and thus are subjected to 
vigorous 'finishing' separations. 

Mo.st groats are milled further 
into rolled oats of quick cooking 
type. This is done by cutting the 
groats in a rotary granulator into 
2-4 pieces of uniform granules with a 
minimum production of flour. They 
are then called "steel<ut-groats**. 
Steel*cut-groai$ are next passed 
through the ''cooker'* where live 
steam at atmospheric prc.ssure comes 
in touch with them just prior to 
rolling. This treatment softens the 
groat and makes flaking much easier 
with minimum breakage or flour 
formation. The flakes so formed are 
passed through a drier. After cooling, 
the flakes are compressed before the 
pack is seamed or sealed. 

Adtoalogcs 

Mosi of the dietary essentials are 
present in (he rolled oats, the essen¬ 
tial amino acids are present in vary¬ 
ing proportions. Minerals such as 
Ca, P, Mg. Cl, K, Na, Fe. Cu, Mn. 
Zn, 1. F, etc,, are also present in 
rolled oais. In addition, rolled oats 
contain vitamins like thiamin, ribo¬ 
flavin. niacin, vit. Bj,. etc., in 
appreciable amount to promote 
growth and health. 

Rolled oats con be stored easily 
for a year or more. Waste can be 
reduced to a minimum, because part 
or the rolled oats can be used from i 
tin or a bag and the remainder can 
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be closed or re sealed and kept over 
for another occassion. 

Rolled oats can be recommended 
10 recuperating patients whose diges¬ 
tive system has weakened during 
illness. They will be a great boon in 
feeding soldiers at the border posts 
and remote terrains. 

Out flour is occasionally used to 
make breakfast foods. U can also be 
an ingredient of prepared canned or 
dehydrated baby foods. The oat 
flour contains un antf-oxidenl, pro¬ 
bably ullied to tocopherol or phos¬ 
pholipid, that rctaids the development 
of rancidity. In other countriesmany 
uses have been found for oat flour. 
The small quantities may be added or 
dusted on butter, margarine, peanut 
butter, roasted peanut or potato 
chips. It has also been used as u 
preservative for meat and fish pro¬ 
ducts, candies, powdered egg yolk 
and doughnut flour. 


It is used for coating papers for 
Tatty food containers. It has a 
great potentiality for use in ice¬ 
cream and dairy products industry. 

As the import of oats has tremert- 
dousty declined, it is of paramoum 
importance to give due consideration 
to this crop in the agricultural sector. 
This will not only save (he foreign 
exchange but also provide empk^- 
ment to many people in the country. 

A set programme to improve The 
cultivation of indigenous oats can b«' 
launched. A few of the improved 
varieties like ••Kent*', *‘Rapjda*' and 
**NP lOr*. introduced by the Division 
of Plant Introduction at lARI, New 
Delhi sometime hack, have ye( to be 
popularised among Ihe farmers of 
the couniry. 

S. S. Lanoar 
Senior Executive 
Minto Biscuits LtU. 

Rajpuru {Runjoh) HOfOt 


Costus speciosus—'a source of 
steroidal drugs 


PHERE is an increasing interest 
^ in the acquisition of new plant 
materials as a source of industrial 
raw material. It is almost always 
easy to develop a natural plant ex¬ 
tract than to synthesise a complex 
molecule in the laboratory. Experi¬ 
ence suggests that natural materials 
still serve as better model and eco¬ 
nomic source even for a new and 
possibly improved synthetic drug. 
Governments and pharmaceutical 
firms in the Western ’ Countries 
organise extensive survey of poten¬ 
tially rich geographical regions, Seve¬ 
ral hundred thou>and dollars are 
spent annually on the screening of 
plant resources and the results in 
many cases have been rewarding. 


The discovery of cortisone as a 
remedy for rheumatoid arthritis led 
to a worldwide search for plants 
containing cortisone or other similar 
compounds which could be convert¬ 
ed into cortisone. The search led to 
the discovery of the corticosteroids 
in some plants. In India, some plants 
such as Dioscorea dehoidea and D. 
prozeri have respectively yielded as 
4tigh as 4.8% to 8.0% and 2.0% to 
4.0% diosgenin. The introduced 

varieties, viz.. />. romposito from 
Mexico and D. fhribunda from 
Central America have been accli¬ 
matized and the one-year-old plants 
produce as much as 2.5% to 3.0% 
and 2.0% to 3.0% diosgenirt res¬ 
pectively. Some of (he Agase spp. 


{A. sis/onatA. veracuie, A. canto}y etc. 
used for extraction of fibre, yiek 
workable percentage of hecogenii 
from its pulp as a by-product. Simil 
arly, some species of Sotanum name!; 
S. k}iasianum, S. incanumt S, aviculare 
etc., have yielded glucoalkaloids (stcr 
Old alkaloids), sotasodine and sola 
nine. The active principles in all o 
them are used as a starting materia 
for syrvthesis of steroidal hormone^ 
including sex hormones, cortisone 
other corticosteroids and the active 
ingredients in the oral contraceptivi 
pill. The continuous search in Indis 
has led to the discovery of othei 
two wild plants, viz.. Costusspeciotu: 
(conuining 2.1 per cent diosgenin 
and Balmites roxburghii (containing 
2.2 per cent diosgenin. in 1970 and 
1976 respectively. Both have 
oommerdal feasibility. Among the 
plants which bear sapogenins are 
TrilUum govanianum, Paris poly- 
phyila, Cestrum nocturnum, Smilax 
spp. and Yucca spp. 

Coo^ersioB of sapogeniBS 

R. E. Marker and his associates 
have discovered that steroidal sapo¬ 
genins are readily converted into 
pregnana compounds with the desir¬ 
able hormonal side chain. At 
first only steroids in which 11 - 
oxygen could be introduced che¬ 
mically were useful. They were heco- 
genin with a 12-carbonyl group and* 
diosgenin with unsaturation between 
carbon 5 and 6. Later, it was shown 
that progesterone could be converted 
micrebiologkal(y into II -a-hydroxy 
progesterone. Solasodine is con¬ 
verted into Ifl-dehydro prognonolone 
acetate (16 DPA). So all progesterone 
precursors are potentially valuable 
and diosgenin is the most important 
gain. 


Steroid coKunpIloa ia IwUa 

Demand for steroida drugs is 
increasing Costus spedesus. like other 
steroidal drug-yielding plants, can 
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meet this demaiKl to some extent. 
A number of leading pharm&ceutieal 
manufacturing companies have taken 
keen interest in the manufacture of 
steroid hormones in India. The 
steroid intermediates produced from 
diosgenin. besides meeting internal 
requirements, are already being ex¬ 
ported to a large extent. 

Coxtus spi'dosux Smith {Fam, 
Zingiberaceae), locally known as 
"'Kcu", has 'recently gained impor¬ 
tance as a plant which may provide 
the indigenous steroid industry with 
a supplementary raw material for 
production of diosgenin. It has 
attracted attention of its high poten¬ 
tial for the yield of rhizomes and 
of diosgenin. 

It is on erect, perennial, stout herb 
with a long and leafy stem attain¬ 
ing a height of 120 cm to 170 cm. 
Rootstock is rhizomaiousand flowers 
are white. 

The plant K distributed through¬ 
out India and is excessively found in 
West Bengal plains, particularly in 
Gangetic belts, in wild foresb. In 
its natural habitat the plant grows in 
moist and shady places. The plant 
generally sprouts in May, flowers 
during August/Seplcmber and fruits 
mature in Octoher/Nos ember in 
natural condition. 

Diosgenin coatent 

In 1970. Das Gupta and Pandey 
reported 2.12 percent diosgenin in 


akoholic extract of Coilui. In 1974, 
Sarin rr a/, isolated 2.3 per cent of 
the same component in K 2 SO 4 acid 
hydrolysis extract. They again (1976) 
reported that there is a definite plant 
to plant variation of the content and 
with the agro-climatic conditions of 
the zone of natural occurrence. The 
range of diosgenin contents between 
plants varies from to 3.36%. 
The content is maximum (about 3.30 
per cent) in 7uly when the plant ia 
in early flowering stage. Ii is 
minimum in December when dor¬ 
mancy sets in. 

Culthecioa techniques 

The plum. Curu.t is a 

valuable recent discovery and should 
not be allowed to he depleted like 
Indian f)hxrt>rras by herb gatherers. 
Government of India as well as 
State Gosernmenls sbs^ukl keep an 
eye on this valuable Indian plant to 
prevent its depletion and should 
encourage iucultoalion as a regular 
crop in forest areas arKi Govern¬ 
ment farms, l-ecause the natural 
resources are limited. 

Marketing 

A number of drug companies 
using diosgenin as a raw material 
have showed interest in IhiAUitnas 
grown on contract basis and the 
author believes this interest can 
also be assumed in rases of 


Cox/us, On the prevailing basis, 
a profit of over Rx. tO.OOOyhu/year 
cao be expected. A good crop, how¬ 
ever, can give as a high profit as 
Rs 15 500 

Pnpularisatioii, research and develop 
rat 

The Regional Research laborulory 
ul Jammu has idkcn steps to improve 
thecondiiion of this crop. Cultivation 
trial has uUo been started in West 
Rengul Govt. Cinchona Depart¬ 
ment. Darjeeling. 

Some ot I be future aspects for 
research ami development arc enu¬ 
merated below ; 

(1) A comprehensive breeding 
programme for the genetic 
upgrading of the diosgenin 
content of O^stus should be 
initialed by joint collabora¬ 
tion. 

(2) A survey should be made 
throughout India for the 
selection o( high diosgenin 
content clones and multipli¬ 
cation of the superior one. 

(3) Various ugrivclimattc trials 
should be undertaken to find 
(he suitable regions for culti¬ 
vation in India to get at a 
time both maximum herbal 
yield and active principles. 

Rfndpaoa Nandi 

Senior ftc.\. t'ethw 
MeJuinai Plantx tMb~, 
tiuntwan Vniv.. Buniwan 
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NEWS & NOTES 


Nobel Prizes 

1976 

PkpkA 

^I'HE 1^76 Physics Nobel Prize 
^ hiVi recently been awarded 
jointly to Dr. Rurton Richter, Pro¬ 
cessor al Stanford University, and 
Dr. Samuel C. C. Ting. Professor 
at Massachusetts Institute of Tech¬ 
nology (MIT), for their discovery of 
a new type of elementary particle 
known as psi or J. The award- 
winning experiments of Dr. Richter, 
who is 45 years old. and Dr. Ting. 
40. were made independently of 
one another at two large particle 
accelerators. Dr. Richter worked at 
the Stanford Linear Accelerator 
Center (SLAC) in Palo Alto, Cali¬ 
fornia, while Dr, Ting did his 
experiments al Brookluivcn National 
Laboratory (BN L), Long Island. New 
York. Drs. Richter and Ting and their 
cotleagues accelerated particles to 
extremely high velocities and then 
smashed them ioto targets to produce 
a shower of sub-nuclear fragments. 
The SLAC team smashed electrons 
and positrons while the BNL team 
slammed protons against a sheet of 
beryllium. In each case, the scientists 
found the same thing : a massive 
new particle which the BNL team 
called / and the SLAC called psi. 
The energy of the S and psi particles 
was found to be 3.1 billion electron 
volts—the sum total energy level to 


which the gnashing particks were 
accelerated just before the bombard¬ 
ment. The newly discovered particle, 
angouived in November. 1974, 
was long-lived, as time is mea¬ 
sured on the scale of the sub-nuclear 
world; it existed for 100 billionth of 
a billioDth of a second before de¬ 
caying into other elementary pani¬ 
cles. The new partkle has properties 
that do not show kinship with exis¬ 
ting particles. This discovery has 
opened a new lieki of research, one 
that would uUiniulely reveal whether 
there was anything further within 
these particles thought to be the 
smallesi building blocks of matter. 

Born in Brooklyn, New York 
on March 22, 1931 Richter got 
his B. Sc, and Ph. D. degree in 
physics (1956) from MIT. He joined 
the High Energy Physics Laboratory 
at Sianford University in 1956 be¬ 
coming its Professor in 1967. 

Born on January 27, 1936 in 
Ann Arbor. Michigan. Ting spent 
hit» childhood in mainland China 
and his teenage years in Taiwan 
where his father was a Professor at the 
National Taiwan University. He came 
to the U.S.A. in 1956 as a student 
at the University of Michigan where 
he did B Sc. in Engirteering (1959), 
M. Sc. in Mathematics (I960) and 
Ph.D. in Physics (1962). As a Ford 
Foundation Fellow he worked in the 
European Nuclear Research Center 
in Geneva (1963-64). He then joined 
Columbia University. becoming 
Assistant Professor (1965-67) and 
Associate Professor (1967-69). He 
then moved to the MIT becoming 
professor in 1969. Dr. Ting now leads 
with Pr^. U. Becker three research 
groups at BNL. European Nuclear 
Research Center arsd the Hamburg 
Nuclear Facilities. 



Dr. William Nunn Lipscomb, 
Professor of Chemistry at Har¬ 
vard University since 1959, has 
been awarded the 1976 Nobd 


Prize for Chemistry for his studies 
on structure and bonding mech¬ 
anisms of compounds known at 
boranes (hydrides of boron). Boranex 
areusuaJly unstable (hence are studied 
at low temperatures) and chemically 
aggressive, explosive and toxic. They 
have been tried in rocket fuels. 
Some boranes have potential appli¬ 
cations in polymer chemistry and in 
the making of strong-fibre materials. 
Certain boranes known as carboranei 
have promising applications in cancel 
therapy. Though boranes were knowr 
to exist at the turn of this century 
it remained for Or. Lipscomb tc 
explain how they were formed, wh) 
they exKted and what was the naturi 
of their chemical bond. One con hne 
few single fields of inorganic chemi 
stry in which one investigator hai 
dominated so completely as Dr Lips 
comb has in borane chemistry. H< 
has been studying borane chemistry 
since 1949. 

Born in Cleveland, Ohio, or 
December 9, 1919 Lipscomb hat 
his B.Sc. degree from the Uni 
versiiy of Kentucky and Ph.D 
degree from California Institute o 
Technology (1946). Having starter 
his career as an analyst in the ofBci 
of Scientific Research and Develop 
men! in 1942 he taught at the Uni 
versity of Minnesota (1956-59). Hi 
moved to the Harvard Univefsit) it 
1959 as the Abbott and William Jame 
Lawrence Professor of Chemistry 
and served as the Chairman o 
Chemistry Department (1962*65) 
He studied in Oxford University 
England, as a Guggenheim Fetlov 
(1954-55). Known for his researche 
on valence theory and diffractioi 
studies of molecules and crystals. Dr 
Lipscomb spends two-thirds of Tii 
research time studying large pro 
tein structures using X-ray diiTrac 
Cion methods. He has been award 
ed more than a score of prizes am 
honorary degrees for his contribu 
tions in these areas. He was th 
President of the American Crystallo 
graphic Association and It a mem 
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ber of the National Academy of 
Sciences and editor of the Journal 
<4 Chemical ?hyiici. 

Medldae 

D r. Daniel Carleton Gajdusek. 

Scientist at Betbesda's National 
Institute of Neurological Diseases 
and Strokes, and Dr. Baruch Samuel 
Blufflberg, Professor of Medicine 
and Medical Genetics at Philadel* 
phja*s Institute for dancer Research 
and the University of Pennsylvania, 
won the 1976 Nobel Prize for 
Medicine or Physiology. Dr. 
Gtddusek was cited for his finding of 
the cause of a puzzlirtg. fatal dege* 
nerative disease called kuru. which 
long infected the Fore tribe of 
New Guinea. The agent respon- 
sible was found to be a slow virus, 
in this case, transmitted during 
cannibalistic rites. Such viruses 
incubate in the body for years before 
manifestation of degenerative diseases. 
The disease kuru first caught the 
attention of Dr. Gajdusek during 
a research trip to the South PaciSc 
in the 1950s. After living among the 
Fore and observing the symptoms 
(uncontrollable trernon and final 
total paralysis) he suspected that the 
disease was an infectious one. He 
concentrated his studies on the 
Fore's cannibal ritual of smearing 
themselves with blood and body 
tissues of dead relatives and eating 
some of the remains including brain 
tissue during a funeral meal. He 
proved his idea by injecting brain 


material from dead kuni victims in¬ 
to chimpanzees. Two to three 
years later, the animals showed the 
kuru symptoms. The Fort, long 
since p^suaded Co give up their 
caniubolism. are now almost 
free of kuru. As staled above. 
Di. Gajdusek's eitcnsive research 
has demonstrated that slow viruses 
like the one that causes kuru can 
lie dormant in the body for long 
periods before symptoms appear. 
The concept of slow viruses may 
lead to a belter understanding of 
other degenerative diseases of ihe 
central nervous system including Par¬ 
kinson's disease and multiple sclero¬ 
sis and processes like aging and 
senility. In 1963. Dr. Blumberg 
identified a protein in Ihe blood of 
an Australian aborigine that proved 
to be closely related to the virus 
which causes debilitating liver disease, 
hepatitis B. The 'Australian antigen' 
was rwst found in the blood of many 
persons with hepatitis B. His bi^ 
medical detective work led to a 
method of testing potential blood 
donors for hepatitis and paved the 
way for an eaperimenUl anti-hepa¬ 
titis vaccine. The Australia antigen 
tests in blood banks have alre^y 
reduced the spread of transfusion- 
borne bcpaiitis significantly. 

Boro in Yonkers, New York, on 
September 9, 1923. G^usek 

received his medical education at 
Harvard Medical School and further 
training in Columbia University 
College of Physicians and Surgeons 
and ChihJren's Hospital in Boston. 


He earned out research in viral and 
rickettsial diseases in Pasteur In¬ 
stitute. Iran (1954-56). and in ethno- 
pediatrics in Australia and Melaoe- 
sj$ (1955-56). Known for his con¬ 
tributions in protein and physical 
chemistry, mammalian virology, 
pathophysiology of auto immune 
diseases and neurological degenera¬ 
tive disorders, human evolutionary 
studies in isolated populations, child 
behaviour and development, and 
nervous* system patterning and 
learning in primitive cultures. Dr. 
Gajdusek is a virologist at National 
Institute of Neurological Diseases 
and Stroke since 1958. 

Born in New York on July 26, 
1925 Blumberg received his 
medical degree from Columbia Uni- 
versiry and Ph.D. degree from Ox¬ 
ford University, England (1957)* 
He was a senior investigator at Ihe 
Natioiul Institute of Arthritis and 
Meubohe Diseases U 957-59] and 
chief of genetic section (1960-64). 
Since 1964 he is with the JnstKule ^ 
Caitcer Research and the University 
of Peimsylvania in Philadelphia. 

BHAKTr Datta 
St. Barnabas Hcsfiltal 
New York 10457 
V. S.A 

R. K. Dutta 
Beth /jretfj 
Medical Center 
New York, 10005 
V.S. A 
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MEDICAL NOTES 


How does 
vomition occur 7 


E very one or hi.« experienced 
vomiting but few know why 
and how it lakes place. 

Vomilion (etncais) is a forceful 
expulsion of the gasiro-intestinal con* 
tents through the mouth. It is a 
complicated and coordinated reflex 
which can be executed easily by 
humans, dogs and cats; less easily by 
swine and rarely by ruminants. Horses 
almost never vomit unless death is 
imminent. 

During vomition the pylorus and 
the pyloric area of the stomach con* 
tract, the fundus relaxes and the 
cardia opens: abdominal contrac* 
tion alongwilh thoracic and diaph* 
ragamatic relaxation drives the 
ttomach contents into the oeso¬ 
phagus ; the oesophagus and thorax 
then contract forcing some of the 
material back into the stomach and 
the rest through the mouth. 
Vomiting is a protective mechanism 
whereby undesirable substances are 
sot rid of quickly from the gastro- 
ntestinal tract. But there may be 
many other deep sealed physiological 
»uses for this condition and many 
:imes it serves no useAil function, 
(nsread, it interferes with orderly 
shysiological processes or compli- 
uites therapeutic procedures. Sym¬ 
ptomatic relief is occasionally called 
or and several antimetic drugs have 
ecenlly been developed. 


N««l ■tchialia 9i TOBkMg 

Vomiting is induced by stimulation 
of the vomiting centre located in the 
medulla (a part of bnin). Presently, 
there is no central emetic agent which 
could act directly on medullary vomit* 
log centre. Instead, there are num¬ 
erous possible peripheral afferent 
sites (peripheral components) or 
central nervous structures (central 
components) upon which an agent 
may act to initiate an emetic 
response. Vomiting centre can be 
stimulated in various ways. 

Centra! components. Certain drugs 
induce vomit too by stimulating a 
specialized area in the medulla known 
as chemoceptive trigger zone (CTZ), 
which in turn stimulate the vomiting 
centre. Various visual, olfactory and 
psychic factors and certain drugs 
stimulale vomiting centre through 
their action on frontal lobes of cere¬ 
bral hemispheres. 

PeripHera! components. The vomit- 
ing centre can be stimulated by peri¬ 
pheral stimuli. These slimutr include 
disturbances of the labyrinth (motion 
sickness), the stimulation of vagal 
nerve endings in the pharynx, sto¬ 
mach and duodenum and stimula¬ 
tion of sensory nerves to the heart 
and viscera. The emetic impulses 
•rising from these peripheral sites are 
transmitted to vomiting centre and 
induce vomiting. 

Morning sickness. Vomiting ofleo 
occurs in otherwise heahhy women 
during early months of pregnancy. 
This is due partly to a circulating 
emetic substance (probably hista¬ 
mine) and partly to pelvic stimula¬ 
tion. Detailed knowledge concerning 
the etiology of morning sickness is 
lacking since this condition could 
not be reproduced in experimental 
animals. 

Radiation sickness. Radial ioq aid* 
ness follows exposure of the body, 
particularly the abdomen, to ioniz¬ 
ing radiations. Nausea and vomiting 
are the important manifestations of 
irradiaiioo. Both the CTZ and 


affereot impulses from the viscera 
appear to be inve^ed in the Indue* 
tion of vomiting following irradiation. 
Since CTZ is involved, the presence 
of a humoral factor must also be 
seriously considered. In the begin¬ 
ning, the general name “necrohor- 
mone*' was proposed for the toxic 
substance liberated from the cells 
disintegrated under the impact of 
irradiation. Later, because of its 
ubiquitous occurrence' and the fact 
that it mimics some of the secondary 
effects of radiant energy, histarhine 
has been proposed as the substance 
most likely to act as a nccrohor- 
mone. 

Antlemetie agentx 

Aniiemetics are drugs which are 
used in symptomatic treatmenl of 
nausea and vomiting. The selection 
of anliemetic agents varies wich 
the type of emetic syndrome. The 
antiemetic agents can be divided into 
the following categories 

Phenothiasint compounds. Most of 
phenothiazines have their primary 
site of action at the CTZ. However, 
a few of them such as promazine, 
thiethylperazine. etc., also raise the 
oral copper sulphate threshold for 
emesis indicating that they also 
depress the emetic centre. 

Since the phenothiazine derivatives 
depress the trigger zone, it is not, 
therefore, surprising that they are 
most effective in the treatment of 
vomiting conditions in which the 
trigger zone is stimulated by circu¬ 
lating emetic substances. The CTZ, 
however, is also involved in the pro¬ 
duction of motion sickness, though 
the phenothiazines are not effective 
in the treatment of this condition. It 
is not yet possible to say with cer¬ 
tainty why the phenothiazines have 
DO action agaitisi motion sickness. 

Antikistamink compounds. Antihi- 
•tamirucs are primarily used in pre¬ 
venting motion sickness. The anti- 
motion sickness ^perties of antihi- 
starainics may be attributed to their 


primary action on the ve^cibuJo* 
cerebellar pathway or on the cete< 
betlum itself. Their atropine-like 
properties and opposition of central 
action of histamine may be the other 
contributing facton. The most thoro¬ 
ughly investigated antihistaminics are 
cyclizine^ chlorcylizine and meclizine. 

Cfnfral/y acting ' antichoh'nergie 
agents. Scopolamine and atropine 
are useful agents for controlling 
motion sickness. The antimotion 
sickness properties of these agents 
may be attributed to their central 
anticholinergic activity. 

MIscellueovs drags 

(a) Trimethobensomu/e (T/gan). It 


depresses the CTZ. though it is less 
active than chlorpromazine in this 
respect. Ji is said to be useful in the 
prevention and treatment of all forms 
of vomiting. 

(h) Dipkenidoi (yontrot). It provid¬ 
es an antiemetk action by inhibit¬ 
ing impulse to CTZ and thus has been 
found useful in controlling vertigo 
and associated nausea and vomiting 
in motion sickness and other vesti¬ 
bular disturbances. 

(c) yuamins. Pyridoaine has been 
reported to be us^l as an antiemetic 
agent for nausea and vomiting in 
pregnancy, moiion and radiaiion 
sickness. It has been shown that in 
pregnancy, and also following radia¬ 
tion, there is an increased excretion 
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of xanthurenic acid i 


itive 01 


pyridoxine deftdency which can bt 
relieved by pyridoxi&e admimitra 
tion. 

(J) CSS depressants. CNS depres 
sants (Barbiturates. choloriJ hydrate 
bromides, etc) have been used to pre 
vent vomiting, particularly due t< 
motion sickness. Their anticmeiii 
activity is probably partly due ic 
direct depressant action on the corto 
and the vomiting centre and parti] 
due tu (heir sedative action whici 
induces the traveller to lie down. 


Shivraj Yadax 
S. P. Veaw 

Deptr. of PAor/MOfofegj 

Hary'ono Agrtcutturat VnivtrsU} 

Hissar-JUOOi 
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the former; but. is it not begging 
the question itself? 

Ani(. Kumar Curta 
Dtpartment of Mathematics & physics 
South Point High SchooJ 
Cakurta-700029 

Saggesliooi 

Sir, 1 read S.R. regularly with 
keen interest. 1 liked Mteciif future 
energy deaaada (5.A., Nov.. 1975). 
Please publish some articles on 
modem energy sources, especially 
energy from sea waves and tidal 
power. 

SATeeSH R. CHOtPlTTKAR 
Wi/Ungdon CoUoge 
SangU 


II 

Sir, I will appreciate if you publish 
an article on all aspects of the 
plant Rauweffia serpentina based on 
the latest research results. 

S. Govarohan 
No. 

P. C. Hanamkonda 
^arangai^bOmi {A.P.) 

lU 

Sir, i am interested in having 
details on 'Liquid level detectors'. 
I request you to invite articles on 
the subject. Liquid level detectors 
measure level of liquids by using 
diilereat methods.*! would like to 


know particulariy about electric oi 
electronic type. 

S. S. PlADHAh 
*Da(fa Nivas 

Tejpai Schenu 
4th Root 
Vik Mkf Bombay 

IV 

Sir, I request you to publisl 
articles on animal cell organelles 
especially on nucleus. 

Aiai Shankes 
Deptt. of Botany 
C.M.P. Degree Collegi 
AIlahabad-2U00i 
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SCIENCE 
FOR THE 
YOUNG 


Filariasis — its cause and 

control 


F ILAR] A K one of the most serious 
problems in our country. A rec- 
ni estimate imiicates that approxi* 
nu'ely 12 milNon people in (he coun- 
ry are carrying the larval stage of 
he filaria] worm in their blood, 
ind about 8 million show the disease 
n various conditions. 

Filaria results from the infection 
>f the lymph dwelling filarial 
rorm belonging to the phylum 
«fe mat hel min Hies. Until recently only 
wo species of the parasites* H'uchfre- 
io bancr^i and Burgia mahyi 
vere known to cause the disease in 
I severe manner. H'. bancrofti has a 
vorld-wide distribution, particularly 
n moist tropics and subtropics. In 
ndia it is distributed mainly along 
he sea coast and along the banks of 
ome big rivers. B. motayi, on the 
ither hand* is confined mainly to 
Uia and is very common in rural 
>opu!alion. 

The lan^al form of W. boncrofti 
vas first discovered in jSd3 by 
>emarquay. a German biologist, in 
he hydrocele fluid of a man. Later 
i. }. Wucherer (1866) of England 
solaled them from the urine of 
ofected patients. However, it was to 


the credit of W. Bancroft who in 
1876 discovered the adu(l females 
from an infected person in South 
America (hence the common name 
“Bancroft's filaria**). Recently P. C. 
Basu and his coworkers (1967 to 
1970) of (he National lnstitu(e 
of Communicable Diseases. Delhi, 
made an ex(ensive survey on fib- 
riasis in Indb. 

The parasite 

The parasite prevalent in Indb 
is iV. bancfftftii the adult form 
of which is an inhabitant of the 
lymphatic vessels and lymph nodes 
of human beinp only. They are 
filiform in shape with gradually 
tapering anterior and posterior ends; 
the males are much smaller and less 
in number than the females. The 
females are ovo-viviparous (i.e., by* 
ing eggs with well*developed embryos) 
and give birth to aetive embryos 
called Mtenjfihria bancro/fi (Fig. 1) 
which, soon after birth find their way 
into circubling blood by the maio 
lymphatic tniak. The nucrofibriae 
may attain a length of about 290 ^ 
and remaio enclosed in a ^orionic 


envelope called hyaline sheach; they 
do not undergo any further develop¬ 
ment in the human blood unless they 
are taken up by the appropriate 
intermediate host. 

Two biologically distinct forms of 
the parasite have been discovered. 
In the periodic form, found in Indb 
and other oriental countries* micrO' 
filgriae appear in (he peripheral cir¬ 
culation only at night mostly 
between IOp.IpI. and 4. a.k. During 
day time they remain hidden in (he 
capillaries of different visceral 
organs, particularly (he lungs, heart, 
kidney, etc. The second form is 
diurnaJly sub*periodic. found mainly 
in Polynesia where it is transmitted 
by day sucking mosquito vectors. 
Despite the biological difference, 
any morphological difference between 
these two forms has not been 
leported. 

Vcctort 

Only mosquitos of a few genera are 
known to be the proved vectors of 
filariasis. According to an annual 
report of WHO (1967) the predomi¬ 
nant vectors belong to the genera 
Atdes, AnophfUSi Cultx and Math 
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onia. Iti India, however, the Culex 
7ipUns complex (particulariy CuUx 
iipienf fatlgans) is regarded as a 
najor vector for the traosmisstoo of 
he disease. The exact mechanism by 
rhich the vector status of a particuler 
species is determined is stUt a riddle. 
3. M. McDonald (1962) of Uoiver* 
4ty College of London, U. K. sug> 
tested that a' particular sex-linM 
‘coesaive gene controla the 8uscepti> 
>iJity of the vector and to some ex- 
ent the development of the parasite 
n the body of the intermediate host. 
D€vehpmenf inside the vector. Ensh* 
^athed microfilariae enter the stomach 
>f the mosquito from human patients 
luring its blood meal; within one or 
wo hours they cast their sheath 
Lnd enter the thoracic mu'iele 
)f the mosquUo (by penetrating 
the gut wall) for undergoing 
metamorphosis. Within (0 to 12 
lays the metamorphosis becomes 
;omp(etc and the larvae attain a 
ength of approximately ISOO^ito 
!000^. These newly metamorphosed 
infective stage larvae* migrate to* 
ivards the proboscis sheath of 
the mosquito for transmission. The 
time taken for the metamorphosis 
of the microfilariae .in the body of 
the vector varies from two to three 
A'eeks depending upon the tempera* 
ture, humidity of (he surrounding 
environment and to a certain extent 
an the species of the mosquito. 

Vertebrate host 

Man is so far the only known 
vertebrate host of Wuchereria ban- 
crofti. No reservoir host of the para¬ 
site has yet been discovered. In 
1971, L.R. Ash and J.F. Schacber 
of the School of Public Health. Uni¬ 
versity of Caiifonua, U S.A. reported 
the occurrence of the worm in the 
testis region of male birds (Meriones 
unguiculatus) but the existence of 
microfilariae in the blood and lymph 
system of this anitnaJ has not yet 
been confirmed. B. maiayi, on the 
other hand, has been found to de* 


velop in a wide range of vertebrates. 

One of the most interesting thing 
regarding filariasls is that in many 
areas where the disease is endemic, 
the human females show a coast* 
derably lower rate of infection, parti- 
cuUriy during child-bearing periods. 
J.F.B. Edeson (1972) of American 
University of Beirut, Lebanon sugges¬ 
ted that certain male hormones are 
necessary for a better growth and 
development of the filarial worm and 
possibly for this reason occurrence 
of the parasite is comparatively less 
in females. This finding has re¬ 
cently been verified by T. Jung 
(1974) of the Tribhuban University 
of Nepal. 

When the infected mosquito sucks 
the blood of a man, the larvae, 
instead of entering direqily into the 
blood, are deposited at the site of 
the puncture made during piercing. 
Latter, these deposited larvae enter 
into lymphatic channels of the host 
either by penetrating the skin by 
their own effort or through previously 
made wound and settle down at some 
spot where they undergo further 
development and sexual maturity. 
R.H. Wharton (1962) of the Uni¬ 
versity of Cambridge reported that 
most of the larvae soon aAer entry 
into the definitive host seek accom¬ 
modation in the vicinity of sex 
organs, particularly to the scrotal 
lymphatics of males and to the 
breast or genitalia of the females. 

Patbogenicity 

The pathological lesion due to 
Wuchereria infection is commonly 
known os 'filariasis* or in a more 
precise sense ^Wuchcrcriasis which 
is the result of obliterative endolyra- 
phangilis due to* certain reaction 
around dead or dying worms. How¬ 
ever, the elfect is produced solely 
by the adult worms present in the 
lymphatic vessels of the host. The 
living microfilariae circulating in the 
peripheral Nood arc not known to 
produce any serious pathological 


lesions in (bf host. The main symp 
tom exhibited by the infection of thi 
worm is an infiaramatory reaccioi 
in the lymphatic system of the hoi 
which is considered to be the resul 
of two fundamental pathological as 
pects; one is iymphoedema, wUcl 
results due to the accumulation o 
abnormal and unusual amount o 
fluid in the affected tissue and tbi 
other is elephantiasis, the end reaul 
of Wuchereria infectioD producinj 
a tumour*Ukc solidity • due U 
fibrotic constriction of afleren 
lymphatics draining a particular or 
gan. S. Oomen (1969) of Ras Desti 
Hospital, Jlmma, Ethiopia had sugge 
Sled lymphoedema a result of by 
peruophy or fibroplasia of the affec 
ted tissue due to an increased al 
bumen containing lymph cxudati 
which impeded the normal flow of iht 
lymph on one hand, and stimula 
ted the surrounding connective 
tissue to excessive growth on the 
other. 

TrealDeol and prophylaxis 

Treatment of most of the majo 
clinical mantfestadons, e.g., hydro 
cele, chyluria (escape of chyle througl 
the urine, due to rupture of varicoa 
chyle vessels of the urinary tract 
and elephantiasis is .surgical, but th' 
results of surgical operation on limi 
and some other organs are oftci 
disappointing. Other than surgica 
operations, a vast multitude of drug 
are also in use to destroy both mi 
crotilariae and the adult worms 
Most effective and least toxi 
drug so far discovered is diethyl 
carbamazine which destroys alraos 
all the microfilarrae and some adul 
worms when given in adequat 
amounts. Other than dicthylcarba 
mazine, certain arsenical compound 
and related chemicals are also know 
to be effective against the parasit 
but all of them have some toxi 
side effects. Mass treatment c 
affected population in endemic ares 
with diethylcarbamazine has bte 
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iTtetacd la different countries» but 
iue to certain difficulties (le., missed 
loses, febrile reactions, etc.), the 
>rogres8 is not satisfactory. In 
)rdcr to overcome these difficulties 
nany countries (Japan, todooesia 
ud others) have incorporated the 
irug in different common and po> 
nilar foodstuffs. 

Attention has now been directed 
0 eradicate the vectors of filariasis 
D all parts of the world. Unfor* 
unaiely in India and certain other 
^an countries, the progress is not 
atisfactory because most vector 
pecies show resistance to all commoo 
nsecticides. Moreover, rapid urba- 
liaation in these countries has far 
»ustripped laniration and, as a 
eault, species of the Culex complex 
n spreading rapidly. For these 
taaons and to minimise the possi* 
iility of environmental pollution by 
Qsecticides and cbemic^. control 


of vectors by genetic manipulation 
seems to be a fascinating and pr^ 
mising practice. The fundamental 
principle of genetic control of mos* 
qoilo is to convert the insect into an 
'^aucocidal biological control agent'*. 
This may be achieved by sterile mak 
technique, producing cytoplasmically 
incompatible strains, inducing hy* 
brid steriJiCy by chromosomal irans* 
location and sex distortion. The 
project taken up in India by WHO/ 
ICMR Unit on ger»iic comrol of 
mosquito (abbreviated as GCMU 
project) was the largesl and most 
comprebeosive in (he worid. This 
unit has been aMe to develop a 
genetic strain (namely U| strain) with 
cytoplumic incompatibility and an 
integrated strain (namely )S*31B) of 
CuUx pipits fatigans for this pur¬ 
pose. According to a recent report 
of ICMR, release of these integrated 
strains in a large scak field trial has 


yielded a maximum level of sterility 
of S0% to 68% among egg rafts laic 
by the wild females. Moreover, then 
is much evidence that the level o 
sterility among mosquitos has de 
creased village mosquitos popula 
Cion. 

Although an avalanche of resesrcl 
work on the cause and control o 
filariasis has been done in last severs 
years, the seventy of the disease I: 
still increasirig in parts of Africa am 
Asia, particularly in India (WHC 
Report. 1974). However, a multi 
pronged comprehensive and inte 
grated approach has recently beei 
planned In India by Indian Councl 
of Medical Research in near future. 

SAMaa CHAKRAtAaT 
Deportment of Zoolog) 
HoogMy Mohsin Govt. CoUegx 
P.O. Chinsofo 712 JOi 
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Science oddities 


C alculating Uw euci num¬ 
ber of Man IB ibc enlire 
univeree woukl be quite e job, for 
there are about a thousand miBioa 
galaxies known to u*. No oat is 
really sure how many more there 
may be. in the Mitky way galaxy 
alone (of which our aolar system is a 
part) there are mart than 125 
million thousand stars. If you make 
a lilt of the names of all the stars 
In our galaxy only and read them 
out at the rate of one per second. 


you will have to read for 4000 years 
non«stop, before you finish that 


single list! 


♦♦ ** ♦♦ 

A came] can go without water for 
several weeks, but it loses weight. 
It can lose up to 25 per cent of its 
body-weight without getting sick. 
The animal does not seem to mind 
this loss in weight, for it can always 
stop at the nearest oasis and drink 
enough water to get back its lost 
weight is exactly ten minutesl 
Champion drinker though the 
camel is, the giant cactus of Arizona, 
the Saguaro, beats it hollow. Gene¬ 
rally a camel can drink about 15 
gallons at a time and go without 
water for a week or so, but the 
Saguaro, which lives in arid deserts, 
takes in a ton of water when there 


is raia and can ma&age without 
iBoCber drink for the neat couple 
of years, or even iongerl 


A liquid, as everyone knows, 
normally dows from a higher to 
a lower kvd. and the idea of a fiuid 
climbing up the sides of a vessel 
seems contrary to commonsense, but 
supercooled Helium does just ihai. 
H^um cooled to ~27]*C actually 
creeps as a fine film up ibe walls 
of ill container and flows out at a 
rate of 30 cm or more per second! 
This supercooled liquid helium is 
also an extraordinary conductor of 
heat and electricity. Its electrwa] 
conductivity is practically infinite, 
for at this temperatuie it has abs^u- 
lely no resistance. And it is 200 times 
as efficient a conductor of heat as 
copper, one of the best conductors 
known. 


I T is raining caU and dogs** is 
just a figure of speech, ^ut if we 
say **it is raining fishes and frogs'* 
it would be literally true, for some¬ 
times it actually does rain fishes and 
frogs. This may seem baffling, es¬ 
pecially if there is no lake with 
fishes in that particular locality. 


What really happens is that the 
fishes ate lifted by a paasiBg tornado 
from their borne wtiers to consi¬ 
derable heights and over fairly long 
distaaccs. When the force of the 
storm it spent, the animali just drop 
down from the iky! 


^HE longest mountain range in the 
^ world ii under the seal If alt the 
water in the oceans were pumped 
out somehow, the 64.000 km long 
mid-ocean ridge will stand revealed | 
as a sirtgle connected mountain chain,. 
reaching into every ocean in the 
worid. For most part, this immense 
ridge lies immersed, but here and ' 
there the peaks emerge out of water ' 
to form islands like the Azores. 
Ascension, Hawaii, Galapagos, etc. 
The world's highest mountain is 
also inside the sea: the twin volcanic 
peaks of the Hawaiian Islands, 
Mauna Kea and Mauna Loa rise 
more than 96,000 m from the floor 
of the sea. This stupendous height 
which is almost 900 m higher than 
M(. Everest goes unnoticed because 
the mountain is submerged in 
water. 

Inoixa Rajagofal 
Dfpoftmm e/ Botany 

University of Dtihi 

Dethi-n00d7 


Mathematical 

puzzle 


T he number of my raikm card is 
a five digit number, the sura of 


the digits being 35. Tbe number reads 
the same whether read from left to 
right or from right to left, aitd is 
divistblc by four* Find the number if 
only three consecutive digits are used 

B L. Akaa 
Bhysics Deportment 
A B.S.D. Coiletf 
New Deiki-Sl 


Arawer 

Since the number is divisible by 
4, it must end (and begin) with an 
even number. As it uses three con¬ 
secutive digits, there must be two 
more even digits in the second and 
fourth place. Tbe only combination 
which yields a sum of digiu equal 
to 3S is the number $6768. 
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Some new chemicals for 
our farms 


N iasecticide called phenihoale 
has been developed at the 
lalionaJ Chemical Laboratory 
^CL). Poona. During 1974-75 
hrm produced 5 tonnes of 
henthoate valued around Rs. 5 
ikhs. The annual turnover of the 
lant when fully operational will be 
pproximately Rs. 2.1 crores. Phen> 
loate U an important organo'phos- 
horus iasecticide having broad 
^trum activity against various crop 
ests of rice, cotton. vegetaMes, 
*uies, tea and tobacco as well as 
gainst mosquitos. As it has a low 
lammalian toxicity, it is safe to 
andle and leaves no toxic residues 
rtcr use. 


The CeoiraJ Fuel Researvii Institute 
(CFRl). Dhanbad has developed a 
multipurpose nitrogenous organic 
fertilizer from coal. It is a new 
water*soluble nitrogenous fertilizer. 
This is called composite ammonium 
polycarboxytate (CAMP). Field 
trials at Central Fuel Research Insti¬ 
tute and Fertilizer Corporation of 
India Ltd., Sindri have shown en¬ 
couraging results. 

Pests like insects^nd moulds anack 
and damage foodgrains and other 
conunodities in storage. In India 
where more than 100 diflereui 
coramoditiet are raised and stored, 
almost all of them suffer damage 
due to one or the other causes. 


For this purpose the Central Foe 
Technological Research Institu 
(CFTRI), Mysore has developed 
pest-proofing machine which ci 
treat 3000 bags a day. of S workir 
hours. 

The treatment of a gunny bag doi 
not take more than a few minute 
Once treated, the efficacy lasts f< 
8«I0 months. 

Pest-proofing of gunny baj 
prevents cross^infestation from an 
neighbouring damaged stacks < 
even from storage areas.. Tht pre 
cess consists of spraying the insect 
cidal emulsion on the outer surfac 
of the gunny bag. 

Fumigation is a process of usin 
chemicals (fumigants) in gaseou 
form (fumes) to control the pests o 
and in the commodities. The Dure 
fume it suitable for large stack fumi 
gallon. The ‘Minlfume' techniqu 
(Minifume tablets) is most suitable fo 
small quantities (upto 500 kg). 

The pest-proofing of gunny bag: 
the Durofume and the Miniriim 
cost about 10, 15 and 25 ptise pe 
quintal respectively. The tots 
cost, therefore, would be *25 palse p< 
quintal for large stacks and 35 pais 
for small quantities. 

Pyrethrum is another insecticid 
developed by the Central India 
Medicinal Plants Organisatio 
(CIMPO), Lucknow. It is being pre 
duced at present in Kashmir Farm 
of CIMPO to the extent of abou 
12 tonnes a year. About 70 tonne 
of flowers v^ued at Rs 6.50 lakh 
were imported during 1974-75 t 
meet the country's demand. Trii 
cultivation in Kashmir has indicate! 
the yield potential of 700 kg pe 
hectare as against 200 kg. 

Another process developed b; 
NCL is for producing maleic hydra 
zide for controlling the growth o 
plants. 

Maleic bydrazide is used fo 
stoj^ng the sprouting of onions am 
potatoes in storage: as a suckeri 
ode for tobacco cultivation; for in 
creasing sugar content in the suga 
beetroots; for retarding the growtl 
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»f &hnibby trm near higb'iension 
lines, highways and railway tracks, 
uid in reducini the number of 
mowinp of lawns. 


The Central Electrochemical Re* 
icirch Institute (CECRI). Karaikudi 
iiv developed a process for the 
l>roduction of cakium gluconate 
vhich is extensively used in the 
treatment of calcium deficiency. 
>oth for oral and parentral 
id ministration. It is also used 
IS a substitute for fruit acids in the 
manufacture of fruit jellies and ba* 
(ing powders, and in the preparation 


The shelf life of onions can be 
doubled by spraying hydra- 

aide solution at a cost of Rs. 3 to 
5 per tonne of onions. 


of homogeneous pastes like denti¬ 
frices and metal polishes. 

The yield of calcium gluconate ob¬ 
tained by the CECRl technique has 
consistently been 95% and more. 

Calcium gluconaie manufactured 
by the process developed in the 
Institute has been rested and found 
to conform to BP/IP specifications. 

Ferrous gluconate, which can be 
made from calcium gluconate, is 


used in the treatment of iron defi< 
ciency, anaemias and in to&k com 
positions. 

Aluminium gluconate also madt 
from certain gluconates hai poteniiaJ 
use as a tanning agent. 

The production of calcium gluco* 
nate in the organised sector has beer 
reported to be 309 tonnes in the yeai 
1973-74. The demand for cakiun 
gluconate and ferrous gluconate hai 
been estimated at 520 tonnes by 
1978-79. The demand for calcium 
gluconate alone is expected to rise to 
800 tonnes by the end of sixth Plan. 

Investigations carried out at the 
Institute have resulted in an increase 
of cell capacity, thereby cutting down 
initial investments on door space and 
plant including graphite el^lrodes. 

The capacity of the calcium glu¬ 
conate piMt, as suggested by the 
Institute, should be a minimum ol 
100 kg/day or 30 tonnes/year tc 
break even. 


CECRl process for calcium 

gluconate 
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S CIENCE and technology are 
now presenting a serious dilemma 
before mankinti. Are they good or 
bad in the long run for rhe human 
race? This question has arisen 
because science and technology have 
outstripped human imagination in 
recent years and it is feared by some 
that they are getting out of hand. 
Prom 17th century onwards, science 
has been making great advances, 
but it has acquired ^n unpreceden¬ 
ted speed in the past three decades. 
Man himself did not visualise the 
consequences of scientific and tech- 
nologicaJ progress in all dimensions. 
It was a great, hilarious and challen¬ 
ging race to excel in science and 
technology. Advanced countries 
enjoyed the thrill of this race without 
once pausing to think where the 
''made race** will lead to. The post¬ 
war era saw the emergence of highly 
industrialised nations with unpre¬ 
cedented military prowess. It soon 
became clear that science and tech¬ 
nology were the bedrock of political, 
economic and military strengths of 
nations. The demands of science 
on public and private funds began 
u> multiply. There was no reason 
not to meet the increasing demands 
>f science for larger funds, because 


it gave the governments the powers 
they needed for internal stability 
and international ioBuence. 

Some social thinkers have begun 
to take a serious look at science of 
today, iu demands and consequen¬ 
ces. These people. Bernard DUon 
the Editor of New Scientist among 
them, an now looking at the seamy 
side of science; the increasing eco¬ 
logical pollution, the vanfshing pri¬ 
vacy of individual homes, the dread 
of drup and biological weapons, 
and the increasing personal 
influence of a few scientists on the 
governments of their countries. There 
is hardly an educated public opinion 
to influence government chinking on 
expenditure on science, priorities in 
research and the goals of research. 

Bernard Dixon in this book has 
traced the growth of science and 
technology since ihc llth century 
and deseribes how they have in¬ 
fluenced the structure of modern 
industrial societies. The author 
expresses apprehension that $eier>ce 
is becoming more secretive and un¬ 
democratic in the advanced coun¬ 
tries. His warning is that the un¬ 
hindered progress of science and 
technology has already created 
enough problems for mankind. It 
Is time now to make scientiftc insti¬ 
tutions and decision-making insdence 
more democratic, less secretive and 
more open to public scrutiny. Only 
through democratisarion and open¬ 
ness. the scieniific and techno¬ 
logical juggernaut can be made 
answerable to the society. 

Dixon's exaspenuion with the 
modem fad of some scientists and 
social thinkers to hold conferences 
and symposia to form science policy 
and plans is understandable. He 
is not alone in thinking that Ihc so- 
called science policy conferences and 
seknee planniog seminan are out of 
tune with the spirit of science. They 
serve no purpose. 

The book provides stimulaiiAg 
reading to those iAtercsied in the 
social aspects of tckoce. 


THE COMPONENTS OF COM 
PUTEtS by R R Maada. Bin 
trochemUal Pnbikotions Ltd., 2 
Bams Street. AYR VA7IXB. Scot 
Und. Pp. IOO.I2S.50. 

T H E lime when the sole calculatinj 
instrumenc at the disposal of ai 
engineer was the slide rule has passed 
The construction of gigantic lur 
bines, atomic reactors, high speei 
aeroplanes and other modern de 
vices has demanded intensive orga 
nizaiion of research and the use o 
mathematica] machines for cal 
euUtions and physico-mathematica 
analysis. 

Mathematical machines may bi 
divided into three classes: analogue 
computers (continuous action ma 
chines), digital computers (descreti 
action machines) and machines o 
mixed type which embody both ana 
logue and digital devices. The bool 
presents a general introduction t< 
iJf aspects of components used ii 
such mathematical machines. Thi 
author, who is the Section Head 
Component Technology. Rani 
Xerox Development Laboratory 
begins the book by introducing ana 
logue. digital and special purpost 
computers. The computers can bi 
referred to by many names, bu 
their structure and components an 
basically analogue of digital. Hen 
the author describes the operating 
principles of computers and ihe de 
velopmeot in their coiRponents— 
from heads to integrated circuits. 

In Chapter 2. the author outlinei 
the development in intc^ted cir 
cults where most of the populai 
processes are introduced. Tht 
structural differences between thi 
various types of bipolar, MOS an< 
film cireuit leehniques heve also beer 
given. He mentions that in compu 
ter systems the film circuitt are no 
frequently used, for the required 
logic functions can readily be pro 
duced by monolithic integrated dr 
euiia. The subsequent part is con 
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cerntd more with cirouit techniques 
thAH with processes. 

A significant feature of the book is 
that of the twelve chapters four have 
been devoted only to computer 
memories. In these chapters, the 
author discusses basic memory cells, 
static cells, dynamic memories, 
random access memories (RAMs) 
read only memories (ROMs), and 
memory organization and ap¬ 
plications. Before examining the 
characteristics of semiconductor 
RAMs. the author briefly reviews 
the meaning of computer memories. 
According to him. Che magnetic 
core, which is a RAM device, is 
perhaps the best known of computer 
memories. The basic construction 
of various ROM cells has been 
described. 

Tbe amorphous memories are 
very reliable and these devices have 
the advantage of being cheap, easy- 
to-process. and are radiation •resis¬ 
tant. The author points out that the 
switching action of such devices is 
not yet fully understood, but as a 
future replacement for semiconduc* 
tors in computer memories this 
material holds considerable promise. 
In the article on Tomorrow's De¬ 
vices. however, the author writes that 
these devices wilt not be used in com¬ 
puters as their processing makes the 
overall device cost comparable. He 
further adds that they do not show 
any profound advantage over existing 
technologies. 

A few currently available optical 
devices which are at present con¬ 
centrated in the input-output sections 
of computers are covered in Chap¬ 
ter 8. This is followed by a chapter 
ou auxiliary digital computer de¬ 
vices which are used for data gene¬ 
ration. conversioQ, transmissioo. sto¬ 
rage and display in a distal compu¬ 
ter. 

The components of analogue com¬ 
puters such as operational ampliflers, 
function geoeftton, multi ^rs. 
sample and bold units of multi- 
plexert are described in two chapten. 


Tbe chapter on operational ampli- 
flers. which are widely used in many 
branches of engineering, is dealt in 
general and can be consulted as a 
reference source by the coocemed 
personnel. 

In the concluding chapter, the 
devices which are likely to be used in 
computers of the next decade are 
introduced. 

The salient feature of the book is 
that more than one third of its volume 
is devoted to the bibliography, con¬ 
taining about 3000 references which 
provides further reading material for 
the topics covered. As many com¬ 
ponents arc widely used in other 
branches of electronic engineering, 
at times the subject has been treated 
in a fairly general manner. This 
enables the book to attract larger 
audience. 

The book is useful to engineers 
and market researchers working in 
component and computer Adds. 

VUfiNDEa Shakma 
Microwave Laboratory 
Department of Physics 6f 
Astrophysics, University 
Dtihi. Dtlhi-HOOOl 

FROM VOICE SIGNALS TO 
SATELUTE COMMUNICATION 
by B.B. Ghosh. Orient Longman Ltd,, 
4/5^ Asaf Ah Road. New Delbi-I. 
Pp. 92. R$. 10 

F rom the age man used 
incoherent noises to the present 
communication satellites—the entire 
history of nun's efforts to commu¬ 
nicate. the author has bound up 
tightly, and to a fairly good extent, in 
a small booklet, in 92 pages. 

Indeed, the topic ts stimulating, 
one that everybody would be curious 
to know about. It has been mao's 
long trek^rom verbal symbols to 
satellites. The stories of how signals 
were of viul importance during 
battles, bow Signora Galvani's soup 
gave scientists a clue to follow and 


build electric batteries, how Oerste 
found magnetic needle flickering be 
fore an electric current, how Mors 
invented telegraph. Bell telephone 
Marconi wireless, and Baird tele 
vision, are the milestones coverei 
in the long trek of communicaiiox 
technology. 

The background histories of th< 
installation of the first radio station 
TV staijon and telecom municatloi 
satellites make the reading interest 
ing. The interposition of biographie' 
of emmeni scientists, who madi 
their presence felt in the field o 
communication, and the requisiti 
scientific background at ever)' stet 
make it all the more worthwhile. 

The book is, however, not with 
out faults. It was rather surprisini 
how the author has afforded to misi 
a chapter on "Interstellar communi 
cation", in which field our elTorti 
are as awkward and confusing ai 
when the Neanderthal man croaket 
Co get the attention of another man 
Digressions one frequently comes ac 
rose; some incidents whose mentior 
would have sufficed are dealt ir 
details, for instance, the evolutior 
of earth and man, J. C. Bose's un* 
recognised discovery of eleclromag 
netic waves, etc. On occasions 
biographies make dull reading, parti 
cularly so of Sisir K. Mitra. Then 
is, in fact, no reason for its becom< 
ing so except that there isn*l any< 
thing interesting written abo.ut him 
Simply giving a full page on ar 
Indian scientist—where he was born 
educated, did research, etc.—doei 
not make his presence felt. 

Surprisingly, the book has oc 
biblography. Illustrations are no' 
upto the mark. The size as well ai 
the cover of the book may dis 
suade many from purchasing it-^ 
cover is a crude art work and tlu 
size that of a primary school text 
book. So it is advisable that thi 
buyer should not judge tbe bool 
from its *iaee value". 

Dilip M. Salw 


9ECBMBBR im 


SCIENCB REPORTS 


Did Space Explorers Visit 
Ancient Egypt? 



Sm# nt theory In ArehMology tuggtsH 
ttitt vltHor* from outor tpac# Ion did 
In Egypt In pr^ittorlc tlmos. 

EvMoneon ouch %% pnlnlingt of tpoo^ 
tftlpi. holmiltd OfMluroi, corbuo 
oolncWtneof in thi matching of tho 
Pyrimid'o dimintloni with diitoncoo 
Sotwoon tho plonoto and tho tun and 
atill inaxplbablo onginoofing foota 
Invoivfd In building Iho Pyramida aro 




gallant polnta for Ihla thoory. 

Nobody can bat on tha abova thaofy. 
but tha Guarantoad Raagania al 
Sarabliai M. Chamicala ara tha 
Indiapangabfa toola for laboratoriag N 
daclphav thia riddia and many othar 
myatarlaa of modam aclanea. 

Our taboralory Raaganta ploy tfio 
Invliibla rola In all aciantific andaavoura 
from archaaology to ocaanography. 


SARABHAI M. CHEMICALS 

Whore scientific tredifioe of ingenuity never 










